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Laboratory & Plant Control Instruments 
Are In The Service of The United Nations 
All Over The World 


In the Steel industry, for example, thermometers 
and hydrometers are used in the laboratory for 
testing the many by-products of this industry, and 
the TAG CELECTRAY Pyrometer and High Speed 
Recorders have been found ideal for creep test 
control, quenching tests, and many other important 


investigations. 


TAG A.S.T.M. Thermometers and Hydrometers, 
and Petroleum Testing Instruments are recognized 
as standard equipment for testing petroleum 


products, paints, varnishes, lacquers, gases (by- 








products), fuels, road and paving materials, coals 


and coke, etc. 


TAG-Heppenstall Moisture Meters for lumber, 
grain and tobacco are rapidly being accepted as 
an equivalent to the international standard method 
of making moisture tests. Moisture determination 
of materials that are not suitable for testing by the 
electrical conductance method, can be now made 


with the TAG Dielectric type Moisture Meter. 


In fact, there is scarcely a testing laboratory 


which does not at some time make use of TAG In- 


cELEOTRAY struments. Write for the latest information. 
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Cc. J. TAGLIABUE MFG. CO. 
Park and Nostrand Aves. 
Brooklyn, N. Y. 
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now being made for the 
use of our Armed Services. 





Hickok Engineers have been busy making 

improvements on present models or designing 

new meters and test instruments for the use of our 
Armed Services. 


Production facilities have been greatly expanded to turn 
out this equipment in large enough quantities to meet 
War Time Requirements. 





All of us here at Hickok are working to win the war as soon as possible 
so that we can all enjoy the peace which will follow. 


As soon as the present emergency is over all of these new meters and 
instruments will be available for all peace time purposes. 


ELECTRICAL INSTRUMENT CO. 


CLEVELAND, OHIO e« U.S.A. 


} 
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For Electrical Ayzplications 
USE THE NEW 
CHACE NO. 6850 


Th exmostatic 
BIMETAL 


This recently developed bimetal possesses 
an exceptionally high resistivity, high deflec- 
tion rate, and is therefore especially suited for 
such applications as: 





FLASHERS 

MOTOR STARTERS 

HEAT ENGINES 

CIRCUIT BREAKERS 

SIGNAL APPARATUS 
ELECTRICAL INSTRUMENTS 
AUTOMOTIVE INSTRUMENTS 
TIME DELAY SWITCHES 
CURRENT DEMAND INDICATORS 
REMOTE CONTROL SWITCHES 
CURRENT LIMITING DEVICES 
MOTOR OVERLOAD PROTECTION 





This new bimetal can be used to improve the 
performance of these controls by increasing 
the power output for a given watts loss in the 
thermal element. A thicker, more rigid 
bimetal strip can be used without sacrificing 
thermal deflection. Even more important is 
the possibility of producing controls for 
lower ampere rating. Frequently this will 
make it possible to add lower capacity ratings 
to an existing line—such as a five or 10 
ampere circuit breaker to the usual range of 
domestic breakers of 15—70 amperes. 


Send for Bulletin No. B-243 which gives com- 
plete details regarding Chace No. 6850 
Thermostatic Bimetal. 


wué ACEco 


\ne= Thermostatic Bimetdls and SLi Alloys 
1609 BEARD AVE + DETROIT, MICH. 
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M. F. BEHAR, Editor 


The Kilgore Bill 


ARIOUS organizations urge us to support or to attack 
Senate bill 702 for “scientific mobilization.” To us this 
ill represents the same old anti-technology spirit in a new 
ody. Although the occasion is different we could use any 
‘ie of several editorials—and indeed we proceed to do so* 
jthout changing a word: 

“Qur enemies—your enemies—seem to have made converts 
mong the advisers of the Administration. ... The situation 
»t Washington is so complex as to defy analysis. Tech- 
logical progress has its friends as well as its enemies. .. . 
resgure groups waging war on industry . .. seem to have 
liseovered the efficacy of flanking attacks, of undermining. 
Vhat they demand is ‘planning’—which of course means 
ampering—the advance of technology. 

“You know the obvious answers: it would cripple industry 
» have new methods and new devices passed upon by any 
hictatorial board in Washington. Even a board of geniuses 
ould not have foreseen in 1912 the millions of new jobs 
reated by the new industries in this quarter-century. And 
vho is the super-genius capable of selecting the geniuses 
hat will serve as Kommissars of Inventions? 

“Yes, you know the answers. But the public doesn’t. And 
the mob hates intelligence. Dangers still impend.” —MFB 


‘From Sept. 1937 editorial discussing report of National Resources Planning Com- 
ittee on ‘Technological Trends and National Policy.’’ 
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Air Flow Measurements to Engines 
and Carburetors 
o the Editor of Instruments: 


In Mr. E. H. TenBroeck’s letter of March 4, which is 
reproduced on page 136 of the March issue of Instruments, 
under “Letter to the Editor,” the effect of pulsating flow on 
he accuracy of the manometer indication is discussed, with 
the implication that this subject should have been included 
in the article on “Speeding up Air Flow Measurements to 
Engines and Carburetors,” which appeared in the February 
issue of Instruments. 


We agree entirely with Mr. TenBroeck’s comments as far 
as the effect of pulsating flow on measuring accuracy is 
concerned, and the means of reducing pulsations when they 
exist by installing capacity chambers to permit accurate 
| Blow measurement. Likewise, it is quite possible that an 
ordinary automobile engine will produce pulsations in the 
intake air supply sufficient to seriously affect the accuracy 
of a metering system. However, it should be pointed out 
that the article in question was devoted specifically to the 
measurement of air flow to engines and carburetors which 
are now being manufactured for use on aircraft and tanks, 
and which characteristically do not produce pulsations at 
the carburetor intake. This is probably due to the carbu- 
tetor construction employed, which is such as to damp out 
any pulsations which may have been produced at the engine 
cylinders. 


Since the prime movers used when testing carburetors 
atone are centrifugal blowers or fans which produce an 
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essentially pulsation-free air supply, there is no possibility 
of any pulsations existing in a carburetor test cell installa- 
tion. Likewise, the test results thus obtained are reproduced 
when the carburetor is assembled to the engine and retested, 
proving beyond question that the problem of pulsating flow 
does not exist in the testing systems now being extensively 
employed. 

The fact that pulsations do not exist at the point of pri- 
mary element installation on carburetor or engine test cells 
is further evidenced by the very high degree of accuracy 
obtainable in typical installations and by the fact that the 
various aircraft engine and carburetor manufacturers, who 
have been testing these units on a production basis for sev- 
eral years, are able to obtain consistent results using any 
of the approved air measuring systems. 


Cleveland, Ohio 
April 15, 1943 


BAILEY METER COMPANY 
By: J. P. GREEN 


Remember Pearl Harbor by 
Helping Hawaiian Readers 


To the Editor of Instruments 


Conditions here, . . . necessary that every shop do its ut- 
most. . .. Our shop has been working almost entirely for the 
war production for the past two years. 

As shop work for aviation has become a large item, we 
have equipped our shop to handle small precision work. I 
had years of training in Philadelphia along instrument 
making and... with the necessary information on aviation 
instruments I can put my shop to good service. . . 

With your contacts, perhaps you could put me in touch 
with some correspondence school or business which could 
sell me the information sheets or technical pamphlets . . . 
that I need. In these islands, we are so far from the center 
of such information that it is difficult to know where to 
turn. 

WEINRICH FENCE, BRONZE & IRON WORKS, LTD. 
2015 S. King Street, WILLIAM WEINRICH, Pres. 
Honolulu, Hawaii, April 27, 1943 


EXTRACTS FROM OUR REPLY 


.. . We could not conveniently write individual letters to 
all aircraft instrument schools and aircraft instrument 
manufacturers. I intend, however, to print an abstract of 
your letter in our May issue which is about to go to press. 
The result, no doubt, will be that you will hear directly 
from a number of schools and aircraft instrument manu- 
facturers.... 

We have directories of aircraft instrument schools and of 
aircraft instrument manufacturers, but these directories do 
not make a special classification of the schools and of the 
manufacturers who publish instrument shop work courses. 

Advertisement of such correspondence courses have ap- 
peared in Instruments and in various aviation magazines. 
You might look up your Instruments file and the files of the 
various aviation magazines in a technical library—for ex- 
ample, at one of the Army or Navy aviation bases. . 
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INTRODUCTION 
LECTRIC telemetering, remote-positioning 
| Dee remote-control equipments have become 
useful in many industries; they have become 
essential in many types of modern aircraft. The in- 
creasing size of planes has complicated the control 
problem by lengthening the distance between the 
various control and accessory components, thereby 
rendering the use of flexible shafts and mechanical 
linkages impractical. A flexible shaft cannot be re- 
lied upon for accurate control adjustments if it is 
too long, or overloaded, or made to traverse short- 
radius bends. In many actual instances, it is impos- 
sible to design around these limitations. In some 
planes, moreover, the problem of utilizing available 
space compels building equipment into a greater 
number of separate components than is functional- 
ly necessary. Each unit must then be capable of 
proper interaction with its associated units, often 
requiring the translating of shaft positions from 
one section to the other. These units, tucked away 
wherever space is available, can seldom be success- 
fully controlled by mechanical means. 

To solve these problems, various electrical posi- 
tioning and control systems have been developed, 
the best-known of which is the self-synchronous 
position repeater.* This device is efficient and ac- 
curate for indications which do not require the de- 
velopment of any appreciable amount of torque, the 
electrical system employed being too elastic for sup- 
plying substantial torques with accuracy. Power- 
producing position-repeating systems have been de- 
veloped, but many of them require contacts and 
relays for their operation, rendering them unsatis- 
factory from the maintenance point of view. Most 
of these contact-operated controls are of the so- 
called on-off type and do not produce a control 
torque proportionate to the input error signal, 
thereby being susceptible to hunting if adjusted for 
high sensitivity. 

This article describes a simple electrical position- 
repeating and control system the operation of which 
is based upon the change in the phase relationship 
between the current and voltage in a series resonant 
circuit as the tuning of the resonant circuit is va- 
ried. The system sensitivity is a function of the “Q” 
of the resonant circuits employed, and is high for 
values of “Q” which may be easily obtained in nor- 
mal practice. No electrical contacts are required in 
any of the circuits, thereby permitting the design 
of an exceptionally reliable instrument. High-torque 
low-power operation may be had without any elec- 
tronic amplifiers. The application of this method 
to the control of low and substantial amounts of 
power will be discussed and practical circuits will 
be proposed. The article will conclude with a brief 
description of the application of this method to 
single- and multi-channel radio control. 





*P. A. Borden & M. F. Behar. Position Class Telemetering Sys- 
tems. Instruments, Vol. 8, Dec. 1935, pages 323-332. 
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A New Resonant-circuit Method of Remote 


Positioning or Remote Operation 
By DAVID WILLIAM MOORE, Jr. 


Fairchild Aviation Corp., Jamaica, N. Y. 



























THEORY OF OPERATION 


This system depends for its operation upon th 
phase characteristics of an electric series regonay 
circuit. 

The series resonant circuit consists of inductance 
capacitance and resistance in series, the value o 
the resistance determining the “Q,” or efficiency, of 
the circuit. Fig. 1 shows the current and curren; 
voltage phase relationship as the frequency of th 
applied voltage is varied above and below the resp 
nant frequency of the electric circuit. The curren} 
is maximum and in phase with the voltage whe 
the circuit is tuned to resonate with the frequency 
of the applied voltage. As the applied-voltage fre. 
quency is changed slightly, the electric circuit js 
no longer tuned to resonance and the phase of the 
current with respect to the applied voltage shifts 
rapidly, leading or lagging the voltage, dependin 
upon the direction of the frequency change. This 
phase shift is rapid to approximately 45° leading 
or lagging and then asymptotically approaches 90 
as the frequency change is continued. The rate of 
change of this phase shift is a function of the 
efficiency or “Q” of the electric circuits, being 
greater for more efficient circuits. Since this reso- 
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FIG. 1 


nant control system is operated by a phase-sensi- 
tive servo, the efficiency of the electrical circuits 
jetermines the sensitivity of the control and may 
be designed to a value consistent with the appli- 
cation and cost of the equipment. In practical reso- 
nant control apparatus operating on power fre- 
quencies, a “Q” of five will permit sensitivities of 
the order of 0.1% change in frequency or in in- 
ductance. 
BASIC RESONANT CONTROL 

Fig. 2 is a schematic diagram of the basic reso- 
nant control system. The phase-sensitive servo 
ysed here is the simple two-phase electric motor 
which has the property of developing torque only 
when there is an electrical phase difference be- 
tween the currents in the two phases. Maximum 
torque is developed when there is an electrical 
phase difference of 90° between the currents in the 
two motor phases. The direction of the torque pro- 
duced depends upon which motor phase has leading 
current. 

The series resonant circuit in this system con- 
sists of the mechanically-variable inductances L 
and L,, capacitance C,, and phase 1 of the motor. 
The position transmitter of this system is induc- 
tance L, which may be varied by rotating its con- 
trol shaft. It is connected to the position receiver 
by two electrical conductors which may be of con- 
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siderable length. The position-receiving section 
consists of inductance L, which is adjusted by the 
two-phase servomotor. Phase two of the servo- 
motor is connected directly to the alternating-cur- 
rent power supply, and adjusted to unity power 
factor by any convenient method, so that the cur- 
rent passing through it is in phase with the applied 
power supply voltage. 

In the stand-by or equilibrium condition, the 
series resonant circuit is adjusted to resonate with 
the applied voltage and in this condition also passes 
in-phase current. Therefore, the two-phase motor 
has unity power factor current in each phase; and 
no torque is developed because there is no electrical 
phase difference between the currents in the two 
motor phases. If the position-transmitting induc- 
tance L, is varied by turning its shaft, the series 
circuit is slightly detuned, producing a shift in the 
phase of the current passing through it, which pro- 
duces an electrical phase difference between the 
currents in the two phases of the servomotor, caus- 
ing it to develop torque. This torque is used to turn 
the control shaft of inductance L, in the proper 
sense to adjust it until the series circuit is reso- 
nating with the power supply frequency and equil- 
ibrium is again established. The servomotor thus 
tends at all times to maintain a condition of reso- 
nance in the series circuit by maintaining the sum 
of the inductance values of L, and L, constant. 

To permit accurate and linear position repeat- 
ing, it is necessary to design the mechanically- 
variable inductances to change their value linearly 
with input shaft rotation, and to be complementary 
units, since the value of the inductance in the posi- 
tion receiver must increase as the value of the posi- 
tion-transmitting inductance decreases to maintain 
the sum constant. Fig. 3 illustrates the lamination 
design to produce this type of inductance change 
and shows its simplicity, there being no moving 
coils and consequently no need for brushes and slip- 
rings. This type of inductance is linear for approx- 
imately 70° rotation of the control shaft and, 
throughout this range, accurate position repeating 
may be obtained. Greater ranges may be had by 
gearing with no loss in the percentage of accuracy, 
or by using different inductance design. 

The sensitivity of this system is high near the 
balance point because the current is rising to a 
maximum at low electrical phase angles, permit- 
ting the development of substantial torques al- 
though the phase difference between the currents 
in the two motor phases is small. 


CONTROL SYSTEM INSENSITIVE TO FREQUENCY 
CHANGE 


This basic system is suitable for operation on 
controlled frequency systems such as a 60-cycle in- 
dustrial power supply, but would be upset by mo- 
bile electrical systems where the frequency of the 
applied voltage may shift several percent. This up- 
setting is caused by the electrical phase shift in the 
series resonant circuit produced by the change in 
frequency of the power supply voltage which has 
the same effect on the system as the change in 
phase angle caused by a change in the value of in- 
ductance L,. 

A system has been devised which is independent 
of reasonable changes in frequency. This system, 
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Fig. 4, consists of the basic resonant control circuit 
with a second series resonant circuit added in phase 
two of the two-phase servomotor. The position 
transmitter in this frequency-insensitive system 
consists of inductances L, and L, which are 
mounted in the same case and varied by the same 
shaft. They are mechanically arranged so that as 
the value of inductance L, is increasing, the value 
of inductance L, is decreasing. This produces op- 
posite electrical phase shifts in the two resonant 
circuits, with a resulting electrical phase difference 
in the servomotor, causing motor torque which ad- 
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justs inductances L, and L, (designed to be com- 
plementary to L, and L,) until resonance is re-es- 
tablished. The sensitivity of this system is greater 
than that of the basic system since two series res- 
onant circuits are being detuned, doubling the 
phase difference in the servomotor for a given in- 
ductance change. If the electric power supply ex- 
citing this system shifts in frequency, each series 
resonant circuit is affected in the same manner, 
producing equal phase shifts in the same direction 
in each circuit causing no electrical phase differ- 
ence between the currents in the two motor phases. 
Consequently, this frequency change does not affect 
the zero or balance point of the system. A system 
of this type will tolerate a frequency shift of 8% 
with no serious effect on its operation. Higher fre- 
quency shifts do not cause a change in the zero 
position but are accompanied by serious torque re- 
duction. 


FIG. 4 


PRACTICAL CONTROL SYSTEM 


A practical follow-up system has been con- 
structed in accord with the principle just described. 
This unit operates from 110 volts at 60 cycles, 
drawing a maximum power of 14 watts. The torque 
output is at least 50 inch ounces per degree error 
between the position-transmitting shaft and the 
position-receiving shaft, with a maximum torque 
output of approximately 30 inch pounds at 10° 
error. This unit tracks the position transmitter 
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within 1% and is sensitive to at least 0.5: Change 
of the maximum angular range. This particul 
unit has been designed for operation on both § 
and 60 cycles, the value of the resonating capac 
tors being changed by means of a toggle switch ; 
insure maximum efficiency on both frequencies 


HIGH POWER OUTPUT 

These position-repeating systems are limited j 
power output since the maximum current drain j 
in the standby, or equilibrium, position. After th, 
maximum allowable standby current is reached }y 
a system of this type, greater torques and highe 
power may be obtained by using phase-sergitiy, 
servos different from the two-phase motor. Thyr, 
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FIG.5 





tron tubes are logical servos since they require 
little control power for large controlled power. 
Using these tubes as phase-sensitive servos, large 
powers may be controlled with moderate-size in- 
ductances and capacitances. 

If the difference between the voltages across two 
series resonant circuit capacitances, as shown in 
the vector diagram, Fig. 5, is used to control the 
thyratron grids, the electrical phase of this voltage 
will always be the optimum angle for firing the 
tubes. The phase of this difference voltage, as 
shown in the vector diagram, does not change with 
the changing phase of the series currents, but is 
either leading or lagging the electrical supply volt- 
age by 90°, depending upon the phase characteris- 
tics of the two circuits, and may consequently be 
utilized to fire either one of two thyratrons to con- 
trol a suitable servomotor. 

Air or hydraulic servos may also be used if de- 
sired. A direct two-phase motor resonant control 
system may be used to operate the servo valve, the 
servo adjusting the follow-up inductance and the 
mechanism to be controlled. Large powers may eas- 
ily be handled in this manner with rapid action. 
Hydraulic power “metered” by this system could 
be used for the positive positioning of contro! sur- 
faces on large aircraft—and for numerous pul- 
poses in industrial plants. 


TORQUE-AMPLIFYING SYSTEM 

Fig. 6 shows a torque-amplifying system suitabl 
for transmitting a low-torque shaft position to a! 
adjacent shaft with increased torque. The resonat 
control system is the frequency-insensitive circu 
Concluded on page 2°! 
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parable to those of industrial contactors weigh- 
ing 100 lbs. or more. They do not fail! 
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HERE IS YOUR GUIDE TO RELAY SELECTION AND USE 


tem could Write for your copy of the Dunco Relay Catalog and Data Book. It 

nitro! sur- contains complete information on relays, timers, and solenoids for 

rous pur- a wide variety of applications, as well as helpful data on their proper 
selection and use. 
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Newest Developments in Glass Gages’ 


By Colonel H. B. HAMBLETON, Ord. Dept., U. S. Army 
Chief of Gage Section, Ord. Dept., U. S. Army, Washington 


N July 1942 the glass gage project started when we dis- 
I covered that the A. H. Heisey Co. of Newark, Ohio, 

had experimentally produced a few glass gages made 
from some old glass candlesticks, for a concern in the Middle 
West. This company produced glass gages for our use and, 
after considerable experimental work, we decided that this 
project was worth following and appeared to have enough 
value to warrant the concentrated energy of several glass 
manufacturers. About this same time, the Corning Glass 
Works of Corning, N. Y., and the T. C. Wheaton Co. of 
Millville, N. J., became interested in glass gages and the 
Ordnance Department requested them to give it the benefit 
of their long experience in glass technique. These outstand- 
ing glass producers have given us their wholehearted co- 
operation. 

Glass is “something new” to the gage industry and gage 
users. Gages are “something new” for the glass industry. 
With this in mind, we must expect problems during the 
early stages of the conversion effort. It is not so many years 
ago that steel was a problem to the gage industry. Many 
gage users of the last war and the following decade will 
recall the problems of cracked gages and dimensional in- 
stability resulting from insufficient metallurgical research 
on steels and their heat treatment for gages. The problems 
of steel for gages were overcome by research and develop- 
ment carried on between the gage industry and the steel 
industry. 

During the twenties, considerable research was carried 
on to determine the steels best suited to provide adequate 
gage wear life. In this war, we must have similar codrdina- 
tion on research and development between the glass indus- 
try and the gage industry to insure the success of the glass 
gage conservation effort. A few “doubting Thomases” scoff 
at the glass gage effort because of the relatively small steel 
savings that will result. To them we can only say that the 
sum of a number of small contributions will result in a 
sufficient major contribution to steel conservation that will 
enable us to renew production of armament that is now 
hindered by steel shortages. Armies are made up of individ- 
ual men who each contributes his bit. Small contributions 
must be made in conservation as well as everything else to 
insure our victory in this war. 


*Substance of a talk before the American Society of Mechanical 
Engineers, Spring Meeting, Davenport, Iowa, April 28, 1943. 
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Fig. 1. The VERY newest! Photograph taken in April 1943 at Frankford Arsenal, of a glass plug gage of the 
latest type with Trilock handle, for checking inside mouth diameter of 57 mm. cartridge case. (Actual size.) 



































Substitution for conservation by the Ordnance Depart-gMfindt 
ment has in many cases opened new horizons in the en- 
gineering field itself. Many of our substitutes have been 
found to be superior to the materials originally specified. 
We are confident that our glass gage effort will result in 
new horizons for the gage industry and gage users. 

In the glass industry a process now in use forms glass t 
extremely close tolerances on internal functions such as 
holes and tapers. This process requires an extremely ac- 
curate mandrel on which the glass is shrunk or molded. 
We in Ordnance have many special gages that are not 
normally used in commercial manufacture, examples being 
chamber and ogive gages for ammunition, involving ex 
tremely close-toleranced internal tapers or curved contours, 
The glass industry is now working on the development of 
manufacture of chamber and ogive gages by this “precision 
shrinking process.” If no results other than this develop- 
ment were successful in the glass gage effort, all the time 
and energy spent on this project would be justified. How- 
ever, we are confident that other “new horizons” than the 
precision shrinking process will be opened by the glass gage 
effort and some clues to these horizons would probably ir- 
clude cheaper gages and the release of critical machine tool 
capacity. 

It might be apropos at this time to point out some of 
the advantages of glass gages: (1) Many greasings and 
degreasings are eliminated; (2) perspiration of the inspec- 
tor’s hands has no corrosive effect; (3) scratches on glass 
do not raise a burr or change the effective size of the gage; 
(4) the thermal conductivity of glass is low and heat trans- 
ferred from the inspector’s hand will not affect the gaging 
dimensions; (5) glass is approximately one-third the weight 
of steel and several types of gages which are now made 
solid will be hollow when made of glass, which will obviously 
make the glass gage much lighter and more advantageous 
to use. 

In every new development, there is a tendency to put the 
new product to the “toughest” tests. In Ordnance we haveg a 
given glass gages a “tough” test on gaging cartridge casey at 
mouth diameters and we are very enthused over the results 
The Frankford Arsenal cartridge case shop has used a glass 
gage for the inspection of 57-mm. cartridge cases. This pid 
gage (see Figs. 2 and 4) performed 260,000 gaging oper 
tions before it was worn out and for the first 160,000 oper* 
tions the wear was only 0.00005 inch. A steel gage for this 
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ame duty normally has a life of 60 to 70 thousand opera- 
"< At the present time, the Ordnance Department has 
ae glass gages under test and the results of these 
we ‘will be made public within the next month. 

Outside Ordnance we have heard of some “tough” test 
if glass gages on extremely close toleranced functions 
here eV! chrome-plated steel gages do not “stand the 
aff”. With little development yet accomplished on glass 
ompositio 1s and treatments, we must expect some of the 
rst glass gages to fall by the wayside, but if the research 
wnd development that has been put into chrome-plated 
pages had been put into the development of glass com- 
jositions and treatments, the performance of glass in close- 
slerance applications would probably have been more 
favorable. In all close-tolerance gaging functions, the rub- 
‘oe of the gage during each application creates a serious 
seat problem. Fortunately in Ordnance we are not bothered 
ith many close-toleranced gaging functions, because for 
vears we have had an effective gaging policy that quickly 
bliminates close tolerances where they are not necessary. 





















ae Our experience has been that rigid adherence by effective 
gaging to drawing requirements usually results in liberal- 
‘ved tolerances. Because of our Ordnance drawing tolerances 
: hs are not much disturbed about the failure of a few glass 






vages on close-toleranced applications, 
In every new mechanical venture, new “bugs” develop 
that must be overcome by research and development. Pio- 
neering in a new development requires fortification against 
the satisfied few. Many will recall the strenuous objections 
to four-wheel brakes and steel bodies in the automotive 
lance Depart.{[mindustry. We must not let the “satisfied few” stand as an 
ns in the ep.{mubstacle to the success of the glass gage effort or any other 
es have beenmprogressive engineering development. 
™ While more or less in the experimental stage for the last 
six months, with much yet to be learned, we are convinced 
from our experience at Frankford Arsenal that glass gages 
have possibilities and are so efficient that we 
fully expect them to become a permanent fixture 
in the industrial world after this war. You may 
also be surprised to know that surface plates 
made of glass are commercially obtainable. 
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Glass gages in sizes under 3/8” are difficult to produce 
and will probably never be commercially made. However, 
synthetic sapphires, synthetic rubies and other synthetic 
jewels, with considerable resistance to breakage, with a 
hardness which will readily scratch the toughest glass, are 
being produced by the Linde Air Products Co. and have 
been extensively used by the Hamilton Watch Co. The only 
discernible difference between synthetic sapphires and rubies 
and the natural gems is the grain structure, which is de- 
tectable only under a microscope. 

The approximate cost of these synthetic jewels, which 
are produced in rods, would be in the neighborhood of 20c 
per inch, furnished in sections approximately 8” to 10” long. 
Single crystals are also produced approximately %” in 
diameter and 2” long, which in the case of the sapphire and 
ruby must be split in two, because of internal stresses. 

Frankford Arsenal has procured acceptable glass gages 
from the Corning Glass Works, Corning, N. Y., Fisher and 
Porter Co., Hatboro, Pa., the A. H. Heisey Co., Newark, 
Ohio, T. C. Wheaton Co., Millville, N. J., Specialty Glass 
Co., Newfield, N. J., and the Blue Ridge Glass Corp., Kings- 
port, Tenn. An interesting development is the flat snap 
gage produced by the Blue Ridge Corp. This gage is made 
from one of their standard plate glasses and will stand 
considerable abuse. While most glass companies are now 
producing gage blanks, the Ordnance Gage Co., Philadelphia, 
Pa., Turner Gage Grinding Co., Detroit, Mich., Abdite Gage 
Co., Dearborn, Mich. and Langlois Gage Co., Detroit, Mich., 
have marketed finished glass gages and report satisfactory 
results by users. 

One of the questions raised by the use of a new material 
is whether there is a method of measuring the hardness of 
glass comparable to the well-established methods used on 
metals. Indices showing the scratch hardness of certain 
types of glass have been set up and the National Bureau 
of Standards has developed a method known as the Knoop 





























Fig. 4. Close-up of the 

gage shown in Fig. 2. 

(Made by T. C. Wheaton 
Co.) 

Official OWI photo 

by Hollem 








Fig. 3. Messrs. A. E. 

Smith and Stanley Farrow 

of Gage Section, Ord- 
nance Department. 
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Fig. 5. Shown here in actual size is one of the newest glass ring 
gages (produced by Heisey Glass Co.) for inspection of fuze parts. 
Official OWI photo by Hollem 


Indenter* which has been used for measuring the hardness 
of glass. The question of hardness may not directly be a 
factor in the wear of glass gages and it is our belief that 
the finish on the gage will be the greatest factor in its wear. 
We further believe that one of the glass producers will, by 
research, provide a harder or tougher glass which, com- 
bined with a better surface finish, will materially increase 
the wear life of glass gages. 


The question of standard drawings and specifications is 
also recurring. To answer this, may I say that Frankford 
Arsenal, with the aid of the more progressive glass manu- 
facturers in this country, has formulated tentative specifica- 
tions and provisional standard drawings of glass gages. 
These standards will, insofar as possible, be dimensionally 
the same as those of the American Gage Design Standard, 
shown in publication CS8-41 of the National Bureau of 
Standards. 

It will be remembered by those in the gage making in- 
dustry that this standardization of steel gages, which was 
formulated before the war with their aid, has insured com- 
plete codrdination and interchangeability of all gage parts 
manufactured during this emergency, and I know they will 
agree with me that this standardization has eliminated a 
great deal of confusion that would have existed had this 
work not been completed. 


Both the Corning Glass Works and the T. C. Wheaton Co. 
have been experimenting with the grinding and finishing 
of glass gages. These two outstanding glass producers have 
arrived at practically the same conclusions. I will quote 
data on the three most important considerations in grinding 
of glass, viz., grit, bond and surface speed, as recently fur- 
nished me by Mr. Thompson of the Corning Glass Works. 


Grit: The work to date permits definite conclusions con- 
cerning the grit for rough finishing: this can be 50 or 60. 
But, for the final finishing, much work remains to be done. 
We know, however, that a very smooth surface is obtainable 
with 150 grit wheels, but only when the coolant is shut off 
during the final passes, when the depth of material being 
removed is of the order of 0.0001” per pass. The glossy 
finish thus obtained is the result of slight surface-glazing 
of the glass due to the frictional heat developed. Although 

*F. Knoop, C. G. Peters and W. B. Emerson. “A Sensitive Pyra- 
midal Diamond Tool for Indentation Measurements.” National Bu- 


reau of Standards Journal of Research, Vol 23, 1939, pages 39-61. 
(Reprint: Research Paper No. 1220). 
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we have not as yet obtained delivery of the grin 


ne 

ment which will enable us to thoroughly study ti, pcs 
problem in all its aspects, our accumulated expe “ienee _ 
gage finishing and other glass finishing operations leads = 
to believe that further improvements can be n by ms 
sorting to wheels of considerably finer grit. i 

BonD: Until we are able to accumulate evidence t, the 
contrary, we believe that “soft” vitreous bonds are ies 
nearly foolproof for glass finishing despite the act that 
they are definitely weaker mechanically. As regards the 
latter, we have been assured by abrasive whe: nanufae- 
turers that even the softest bonds can be made strong 


enough to eliminate any possibility of personal hazard when 
the wheels are properly used. 

SURFACE SPEED: I have gathered the impfession from 
numerous contacts with gage makers that they are some- 
what worried about the problems involved in adjusting 
speed of their present machines, which were designed fo; 
work on steel, to other speeds which would presumably be 
better adapted to glass grinding. The further we get ‘into 
the glass gage business, the more we are inclined to believe 
that speed is a relatively secondary problem and that ther 
may be no necessity for alteration of the driving mechanism 
of existing machines. 

It may be recalled that, initially, when we reported oy 
our accumulated experience in glass grinding, we stated 
that our best results have been obtained with surface speeds 
of 2500 f.p.m. or less. This is still essentially true, but it 
must be remembered that our machines have been specially 
fitted for glass grinding only. 

Much of the “mystery” of glass grinding is being dissi- 
pated by continued application of the principles of research 
The wheel-speed problem seems to be simmering down to 
a relatively simple problem in thermodynamics. All glasses 
are, of course, much less conductive of heat than metals: 
in fact, this is one of the advantages for glass as a gage 
material. But, correspondingly, this also means that the 
heat generated in the grinding operation tends to be stored 
up in a shallow depth of the glass gage. This, in turn, paves 
the way for “rather severe thermal strain” and, if the 
latter becomes excessive, there is possibility of thermal 
breakage or “checking” of the blank while it is being 
ground. Obviously, the answer is to remove the heat of 
grinding as rapidly as it is generated, or, in other words, 
balancing heat input and heat removal. In general, the 
quantity of heat generated will be a function of the wheel 


speed and the depth of cut; and the rate of removal will | 


be, to a large extent, determined by the quantity and dis- 
tribution of coolant. It follows that when the flow and 
distribution of the coolant is reasonably well standardized, 
there remain only two variables, both of which are subject 
to control, namely, depth of cut and surface speed. Accord- 
ingly, if the surface speed is high, that is, approximately 
6000 s.f.m., which is conventional for steel grinding, the 
heat input can be correspondingly reduced by reducing the 
depth of cut. Therefore, there need be no alteration in 
speed of existing machines in order to grind glass satisfac- 
torily. It is simply a question of finding the best combina- 
tion of bond and grit of wheels to produce the most highly 
polished finish. On this point, we expect te have rather 
specific information available within a reasonably short 
time after the equipment being made available to us 1s 
placed in operation. From present indications, this will be 
a matter of about six weeks. Oddly enough, our biggest 
bottleneck now is getting delivery of the desired assortment 
of grinding wheels for this purpose. 

In regard to the coolant required for grinding glass, they 
have found from experience that plain water is all that Is 
required. However, it is necessary to provide some agent 
to prevent rust on the machine; for this, they have used 
International Chemical Co.’s No. 219 oil, diluted 25 to 1. 

In using the taper lock handle, it will not be necessary 
to grind the taper on the glass shank as this can be m ded 
close enough to give the required fit. 

Continued on pag: 
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ELECTRON TUBES 


Their Principles and Their Instrumentation Applications 
By ANDREW W. KRAMER 










Managing Editor, Power Plant Engineering, Chicago, Ill. 


CHAPTER I 
N the thirty-odd years since it was discovered, the elec- 
I tron tube has grown from a mysterious delicate scien- 
tific toy into the most powerful and all-important single 
device in the world. By its aid we talk across the seven 
seas. It enables us to see into germ structure—or through 
dense fog to guide our airplanes in their flight. It provides 
us with the most delicate means of measurement and gives 
us control over the most infinitesimal forces as well as the 
greatest we have been able to produce. 

Despite its common use, the electron tube is still regarded 
by many as a mysterious and complex device. Actually the 
electron tube in its fundamental character is no more diffi- 
cult to understand than is the operation of a switch; in- 
deed, as has been shown in recent years, the action of a 
switch in opening an electric circuit is an extremely com- 
plex thing and its understanding involves greater knowledge 
of the physics of electrons and atoms than does the opera- 
tion of the electron tube. Reduced to its fundamentals, the 
electron tube is a simple device and its operation can readily 
be grasped by an intelligent child of twelve if properly 
explained. 

In trying to understand the electron tube we must not 
associate it with the mystery of radio. The vacuum tube 
does not enter into the mystery of electromagnetic radia- 
tion through space, no more indeed than does any other 
electrical device. The transmission of a person’s voice to 
the far corners of the world requires not only electron tubes 
but also generators, batteries, resistors, capacitors, relays, 
switches and countless other electrical devices with which 
all engineers are familiar and the electron tube should not 
be considered more mysterious than any of these devices. 

Nor must the electron tube be thought of as a delicate, 
fragile device, not suitable for industrial use. Even the 
tubes in our radio receivers are extremely rugged devices, 
many indeed are of all-metal construction. For industrial 
instrumentation purposes their ruggedness compares favor- 
ably with most other electrical equipment, and in operation 
and maintenance they are in many ways superior. In many 
applications, tubes are in continuous service 24 hours a day, 
seven days a week, 52 weeks a year. In fact, tubes in such 
service often show a longer life than those used in inter- 
mittent service. Tubes have been recovered from the wreck- 
age of airplane crashes, intact in every detail and suitable 
for re-use. Modern tubes rarely burn out; they may fail 
from loss of emission or from deterioration of the vacuum 
but seldom does the heater element burn out when used at 
rated voltages. 

It is true that the study of electron tubes (when they 
are considered in their complex forms and associated with 
intricate circuits) takes on all the difficulties and complex- 
ities that characterize the advanced study of any subject; 
but its fundamentals are just as easy to grasp as are those 
of an electric motor, in fact, they are simpler. They are sim- 
pler because in the electron tube we are dealing with elec- 
tricity in its elemental form—with electrons and protons. 

In a certain sense this is true of other electrical equip- 
ment as well because electricity, regardless of how or where 
we encounter it, is composed of electrons. That which we 
call an electric current is nothing more than a stream of 
small negatively charged particles called electrons. Only in 
the electron tube, however, do we have the opportunity of 
studying these electrons apart from matter and that fact, 
more than anything else, perhaps, gives the electron tube 
the unique and useful properties it has. 

Now, what is there that is so remarkable about the elec- 
tron tube? In outward appearance, as we are familiar with 
it in our radio receiver, it appears little different from an 
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ordinary incandescent lamp except that it gives only a fee. 
ble light. It is constructed of glass and metal parts and the 
fact that it is evacuated should not make it remarkabj 
for lamps have been evacuated for years. Furthermore, jt, 
structure, at least in the simpler forms, is less complicated 
than that of a thermostat. Fundamentally the electron tube 
consists of an incandescent filament and a meta] plate 
mounted inside an evacuated glass or metal envelope, Th, 
plate usually is connected to the positive terminal of , 
battery or generator and the filament to the negative tey. 
minal. Thus the filament is called the cathode and the plate 
the anode. Under such conditions, current flows in the ciy. 
cuit, the current evidently passing across the intervening 
space between the filament and the plate. 

It is ‘this last feature which gives the electron tube its 
remarkable properties—the fact that a current of electricity 
is able to pass across empty space. What is the explanation 
of this action? And why is an incandescent filament neces. 
sary? For it can be shown that the instant the filament 
cools the current ceases, though the potential across th 
terminals remains as high as when the filament was heated 
or higher. | 

It is the purpose of this serial to attempt to answer thes 
questions—to describe simply and directly the action of and 
the principles upon which the electron tube operates. 

Since an understanding of the electron tube can only bx 
obtained if we understand something of the fundamental 
nature of electricity and matter, before we begin to discuss 
the electron tube itself, it will be to our advantage to con- 
sider briefly the nature of electricity and its relation t 
matter. 


ERE it is at last—the serial you want. Of all subscribers 

suggestions, the most insistent have been for more articles 
on electron tubes in Industrial Instrumentation. It did us no good 
to recommend special magazines and textbooks: they insisted there 
was no book written for them—for you. So here is the start of it 
Mr. Kramer’s long experience has included designing and apply- 
ing electronic instruments. 


To begin with, it must be clearly understood that elec- 
trons are not in themselves a source of energy any mort 
than molecules of water or air. Like molecules of water 0: 
air, electrons may acquire potential or kinetic energy and 
thus be used to store or transmit energy. They can act as 
“carriers” of energy and in that capacity they are sent ove) 
wires to far distant points. Electricity (and by the term 
electricity we mean a stream of electrons or protons) flows 
through or in wires just as water and air flow through 
pipes. This raises the question, where does the electricity 
used to transmit power in this manner come from originally’ 

When water is used to transmit mechanical energy fron 
one place to another, in addition to suitable pumps, wate 
motors and connecting pipes, a supply of water is required. 
This is drawn from a reservoir or from the city mains and 
forced into the system. Once the system is filled, no mor 
water is necessary (if there is no leakage) since the amount 
contained in the system is used over and over again. The 
pump forces the water through the pipe line to the distant 
water motor or turbine, driving it, after which the water 
returns to the pump suction through return lines. No wate! 
is lost. (With a compressed air system the action is simila! 
except that in this case the air is not usually returnec « 
the compressor by return pipe lines: air is merely draw? 
from the atmosphere by the air compressor at one end f 
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@ “American industry will produce 5000 planes a month in ’43”— 







this was said in ’42. 
A correction is in order. It’s May, the fifth month of ’43, and already 
we've bettered this estimate by 500 planes a month. Every 7.8 minutes, 
night and day, a superbomber, transport, fighter or trainer rolls by, 
props spinning, bound for battle. This correction is proof enough 
that our Axis opponents are headed for trouble... Yankee trouble. 
















It takes tools to build this trouble ... tools that work fast and 
long, that probe into the vitals of engines to detect harmful 
vibrations, stresses and strains or reveal invisible irregularities 
in polished bearing surfaces. Such conditions as these are con- 
tinually being studied from the chart recordings of the Brush 
Direct Inking Oscillograph and the Brush Surface Analyzer. 
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the system and discharged back into the atmosphere at the 
receiving end.) 

An electric power system having a generator at one end 
and a motor at the other end is like the hydraulic system. 
The generator may be considered as a pump used to pump 
electricity through the circuit. In this case, however, there 
is an essential difference: it is not necessary to fill the cir- 
cuit with electricity when it is first set up. Why is this? 
Where does the electricity in the circuit come from? 

The answer is that the electricity is in the circuit to be- 
gin with—an integral part of the structure of the materia! 
of which the circuit is made. It exists inherently in the con- 
ductors as electrons which are not permanently attached to 
atoms of matter.! All matter, regardless of the form in 


INLET FOR FILUNG SYSTEM WITH WATER 
WATER t 
PUMP MOTOR 


WHERE IS THE INLET FOR FILLING THE 
SYSTEM WITH ELECTRONS ? 


p 
1 GENERATOR MO 


Fig. 1. Electricity is used to transmit energy from one place to 
another in the same way that water is used for the same purpose 
in a closed pipe circuit. 

















which we find it, is composed of atoms. All atoms consist 
of a central dense core called the nucleus, about which one 
or more particles called electrons revolve like a miniature 
solar system. As do the planets, the electrons revolve about 
the nucleus in definite orbits. The nucleus carries a positive 
electric charge and the electrons all carry negative charges. 
In the normal atom, the sum of the negative charges of all 
the electrons is exactly equal to the positive charge of the 
nucleus. Thus the normal atom, considered as a whole, has 
no surplus of either charge and is electrically neutral. 

The essential difference between atoms of different ele- 
ments lies in the different values of the positive charge on 
the core or nucleus. As this positive charge varies from one 
element to another, the number of orbital electrons in the 
neutral atoms also varies. But it must be understood that 
the number of orbital electrons in itself does not alter the 
chemical nature of the atom. This means that it is per- 
fectly possible to take an atom (in reality a group of 
atoms) and by rubbing, rub off one or more of the orbital 
electrons and the atom will then still remain an atom of the 
substance we started with. It will, however, no longer be a 
neutral atom and, because some of the electrons have been 
removed, the combined negative charges of the remaining 
electrons will no longer balance the positive charge of the 
nucleus—with the net result that the atom as a whole will 
exhibit a positive charge. In this state, the atom will tend 
to attract any free electron that may be in the vicinity. 

This is exactly what takes place when a stick of sealing 
wax or amber is rubbed with a piece of flannel. The wax be- 
comes negatively charged and the flannel positively charged. 
In the act of rubbing, the friction rubs off some of the 
electrons from the atoms composing the flannel and leaves 
them on the surface of the wax. Since the surface atoms or 
molecules (a molecule is a group of atoms) of the flannel 
are left deficient in electrons and the surface atoms of the 
wax with an excess, if the wax and the flannel are left to- 
gether after being rubbed there will be a readjustment of 

1For a more complete explanation of the structure of matter 
and the nature of electricity the reader is referred to the author's 
book “Electricity—What It Is and How It Acts,” Vols. I and II, 
but the brief description presented here is sufficient for an under- 
standing of electron tube action. 
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electrons, the excess of the wax returning to the 
atoms of the flannel. 

With this picture of the atom in mind we can 
the “free” electron. Most of the electrons in th, 
exist as component parts of atoms as described 
possible for an electron to exist in the free state apart fr 
the atom, temporarily at least. Such free electrons ead 
everywhere to some extent, in gases, in liquids and jn Solids, 
but they are much more plentiful in some substances than 
in others. 

Metals, for example, contain enormous quantities of them 
while substances such as glass and rubber contain only 
small amounts. It is the presence of these free electrons jn 
substances that enables us to account for the conduction of 
electricity. The more free electrons a substance contains 
the better conductor of electricity it is. Because of the enor. 
mous numbers of free electrons in metals, metals are goog 
conductors of electricity. Substances such as glass, rubber 
porcelain, mica, etc., on the other hand, with comparatively 
small numbers of free electrons are poor conductors of eles. 
tricity—good insulators. 

These free electrons are in constant motion, bouncing 
back and forth, colliding with one another and with the 
atoms in the most random fashion. This motion is due to 
the natural agitation of the atoms and molecules of any 
substance at normal and high temperatures. The higher the 
temperature of a substance, the higher the speeds and the 
more violent the motion of the atoms and electrons.2 

The motion of the electrons is random. If, however, by 
some means we can control this random direction we have 
what we call an electric current. Such a means of control. 
ling or directing the electron motion is provided by an elec. 
tric generator or battery. 

Now we can understand better the analogy between the 
hydraulic transmission system and the electric system pre- 
sented in a foregoing paragraph. The electricity needed for 
effecting the transmission of energy is contained in the 
metallic conductors forming the circuit in the form of these 
free electrons. By properly supporting these conductors on 
materials not having many free electrons, a path is pro- 
vided over which these electrons can be directed, just as 
pipes provide a path for the flow of water. It is fortunate 
that air contains so few free electrons for otherwise it 
would be difficult to prevent the free electrons in a con- 
ductor from flowing out where we do not want them. 

Having such an electric “circuit,” the. question may be 
asked, “How are these electrons forced through the con- 
ductor? How are they set in motion?” We have said that 
this may be accomplished by a generator, but in what man- 
ner? In the case of the hydraulic system the pump piston 
traps a certain amount of water in an enclosed space (th 
pump cylinder), then, by forcing this piston down (decreas- 
ing the volume) the entrapped water is forced into the dis 
charge line. At the same time the water on the suction sid 
is forced into the space behind the piston. Thus a eircula 
tion is established. 

The action in the electrical system is similar. The ge! 
erator, as was indicated, may be considered in the natur 
of a pump. The piston, in this case, is not a tangible thing 
but an electric field. It can be shown that when an electro! 
is placed in an electric field, its own field? reacts with th 
Continued on page 
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2When we say that free electrons exist in a substance wt 
qualify the statement by an explanation of the term free e! 
The term mobile electron probably would be more correct. In t 
close packing and random motion of the atoms of a metal, a 
outer electron of one atom is often brought within the influ 
of a neighboring atom. If such an atom is held rather loosely ‘ 
if the attractive force of the neighboring atom is great enou 
the electron will leave the first atom and go to the second, Wh 
this transition is in progress, the electron is more or less fr 
be acted upon by other forces and so is called a “free” e! 
The result of this continual interchange, brought about by | 
cessant vibration of the atoms, is a vast number of free elk 
in the metal, moving in all directions at high speeds. If an elec 
tromotive force be applied to the metal the direction of mowo! 
will no longer be completely random for the electrons will be s!ve! 
a drift velocity in the direction of the positive terminal. This flo¥ 
of electrons constitutes the electric current. 

SHaving an electric charge, every electron 
rounded by an electric field of force. 
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| offers You THESE SERVICES 
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‘Round the corner from your plant is a man whose 
chief stock in trade these days is his ability to help busy 
war industries get needed Radio and Electronic 
materials faster and use them to better advantage. 

That man is your local RCA Tube and Equipment 
Distributor. Behind him is an organization which has 
been dealing with things Electronic since the 
“knee pants” days of Radio. 

They know how to get the materials you 
need. They know how to use these properly 


once they’ve been obtained. You'll find their technical 

advice and recommendations as big a help as their 

personalized expediting service which assures fast, 
accurate deliveries. 

Whether it’s one RCA Tube or a hundred—they’re 

ready and geared to help you. They'll help you, too, in 

obtaining condensers, resistors, rheostats, con- 

trols, potentiometers, coils, transformers, wire, 

and numerous other Radio and Electronic 

components produced by many manufacturers. 


RCA RADIO-ELECTRONIC TUBES 


RCA Victor Division, RADIO CORPORATION OF AMERICA, Camden, N. J. 














NE of the most dramatic 

stories of American ingenu- 
ity is like the conquest of a 
germ disease—a BIG problem 
affecting millions but involving 
SMALL things. It cannot yet be 
told in full because its happy 
ending” is “certain” but not “in 
sight”; because the history is be- 
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By M. F. 

"ART ONE (FOR THE HOME FRONT (a) Diamond; (b) Natural sapphire; (c) 

1. War's Three Requirements Synthetic sapphire; (d) Non-corrosive al- 

Sensitivity and accuracy; (2) Severe jovs: (¢ Glass 

Greatly increased production 4. Non-interchangeability 
: . Rolling-contact bearings 
Il. Implications of Requirements 

Industrial solutions problems are V. The Immediate Future 
not always applicable to military service Observations of needs and _ trends 
mditions New solutions necessary to basis for predictions and adhortations 


yoviate need for excessive maintenance - f 

7 . PART TWO (FOR MAINTENANCH 
and replacements 

PERSONNEL 
Itt. Questions Raised by War Vi. Cleaning and Inspection 
Reasons for small contact surfaces, f 1. Cleaning 

onventional design and for old materials 2. Inspection of Pivots 
are partly technical and partly human 3. Inspection and Grading of Jewel Bea 
Othe lesigns and materials not excluded ings 


4. Sensitivity Tests as Pivot and Bearing 


iV. Present Situation I 
nspections 


New trends in research 
2. Pivot materials Vil. Pivot Repair and Replacemen: 
Sheik Gh Died-eieetdine ations ty F. E. WILLIAMSON 
Bearing materials Vill. Effects of Vibrations 


PART ONE (FOR THE HOME FRONT) 
I. WaArR’s THREE REQUIREMENTS 


N the field of instruments, as in many others, modern 
warfare has caused revolutions in old-established 
practices and has compelled complete reversals of 

“final” opinions. Perhaps the most striking verification of 
this statement is furnished by the almost-unbelievable in- 
crease in the instrumentation of American aircraft, sea- 
craft, land vehicles and portable equipments for communi- 
cations, detection, meteorology and other purposes. We say 
American aircraft, etc., because it is only in our own Armed 
Forces that there can be found the following unprecedented 
and unparallelled combination: 

(1) Insistence by Armed Forces procurement agencies 
upon higher sensitivity and accuracy than characterized 
the corresponding instruments of 1918. Sensitivity and ac- 
curacy go together. An instrument may be designed so 
scientifically that its maximum design error may be + le% 
of its scale range but if the actual construction of its two 
pivots and bearings results in a “sticking” effect or insensi- 
tivity of 5%, its actual zone of uncertainty will be not less 
than 10% of its scale range. Today’s Army and Navy ac- 
curacy tests cannot be passed by automobile dashboard 
grade instruments; they can only be satisfied by relatively 
high-grade instruments which yesterday would be considered 
too delicate for military use. 

(2) Application of these sensitive and accurate (hence 
relatively “delicate”) instruments to service conditions far 
more severe than those of 1918—far more severe, in fact, 
than the limits beyond which most instrument manufactur- 
ers, before 1941, would refuse to guarantee instruments 
sold to civilian industries. The great majority of these 
instruments must withstand sustained vibrations which 
would wear out in a few minutes the delicate pivots and 
bearings of many pre-1941 switchboard grade instruments. 
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Instrument Pivots and Bearings Go to War 


BEHAR 


They must withstand gunfire concussions and other sharp 
shocks which would crack, snap or flatten the bearings and 
pivots of sensitive pre-war instruments. 

(3) Instrumental indications of all important measura- 
ble conditions affecting the performance of a plane, ship, 
vehicle or equipment—and of components thereof from the 
turbines of a battleship to the cells of a “walkie-talkie.” 
The increase, as compared to our last war, is both qualita- 
tive and quantitative. The increase is qualitative in that 
any major unit (an airplane engine, for example) has five 
to ten times as many of its operating conditions measured 
as were measured in late 1918. The increase is quantitative 
in that (a) there are fifty to five hundred times as many 
power plants and other major units per million men and 
(b) entirely new types of equipments are making their 
appearance, all fairly bristling with instruments. Exact 
totals of particular types of instruments are military secrets 
but it is no secret that the number of “ordinary” pointer- 
and-scale indicating instruments serving our Armed Forces 
runs into many millions—in other words there are several 
such indicating instruments for every soldier, sailor, marine, 
merchantman and Coast Guardsman. These indicating in- 
struments vary widely in their functions and _internai 
mechanisms but every one has a pointer fixed to a shaft 
(or “spindle” or “shank”) supported at both ends in nat- 
ural sapphires or in ball bearings or in glass bearings or ir 
synthetic gems or—rarely—in holes drilled in metal plates 


II. IMPLICATIONS OF THE REQUIREMENTS 


Never before has there been such a combination of thre 
requirements, the attainment of any of which would—at 
first thought—make impracticable and perhaps impossibl 
the attainment of either of the others. This mutual exclu- 
siveness seems to be particularly true of the first tw 
“everybody knows” that a sensitive direct-deflection indi- 
cating instrument cannot stand vibration and _ shocks; 
“everybody knows” that an indicating instrument built t 
stand abuse cannot be sensitive. And—‘“everybody knows 
that the reason you can’t have both is that a frictionless 
bearing is extremely delicate and the friction of a shock- 
proof bearing is so high as to be plain sticking. This }s 
not a defeatist attitude; it does not proclaim that the prob 
lem cannot be solved under any circumstances; it simp]} 


states that none of the various well-known special solution: 


of specific sensitivity-versus-ruggedness problems 1s Un 
versally applicable—and this is an unassailable position 
One solution, for example, is to substitute for one direct 


deflection instrument a system consisting of a measuring 
element without moving parts, an amplifier without moving 
parts and a servo-positioned indicator so rugged that ™ 
could be dropped on a concrete floor without functiona 


pairment. Another solution is to do away with all mecha- 
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A new approach to the problem of 
measuring audio frequency equipment 


One of the most recent approaches to the problem of measur- 
ing the response of amplifiers and networks is to apply a 
square wave voltage and observe shape of the wave which is 
transmitted. The frequencies contained in a uniform square 
wave are given by the relation: 
f(t) = (sin wt + 1/3 sin 3 wt+1/5 sin 5 wt-+...) 

In practice a wave which appears to be perfectly square will 
contain thirty harmonics or more and when the amplitude or 
phase relation of the harmonics is disturbed the square wave 
will be distorted. Thus the application of a square wave to 
circuit shows up any irregularities in the amplitude or phase 
transmission of that circuit not only at the square wave fre- 
quency but also at frequencies far removed from the test point. 


The square wave test is particularly important in feedback 
circuits where the circuit performance outside the normal 
transmission band is generally of interest. The application of a 
square wave test to a feedback amplifier will show in a single 
observation whether the amplifier is close to oscillation point. 


SPEED UP PRODUCTION AND 
DEVELOPMENT WORK.... 


This Square Wave Generator will help you in Pro- 

duction and development work on A. F. amplifiers. 
As a general purpose instrument for laboratory work and as a 
time saver in production testing a square wave generator is an 
important instrument. 

The -hp- model 210 Square Wave Generator provides an excel- 
lent square wave and is more useful than other instruments of this 
type because the frequency can be accurately set for quantitative 
measurements of decrement factor, time and other quantities to 
transient analysis. It will save valuable time in production testing 
because one or two observations will check the frequency re- 
sponse of apparatus where heretofore a large number of observa- 
tions were necessary. This new instrument is an important tool 
for development work because it will show up phase shift and 
transient effects, both of which are rather difficult to study by 
other methods. In one observation a square wave applied to 
amplifier will check a wide frequency range, a range of 100 to 1 or 


Square wave applied to two amplifiers 
Output of one on horizontal plates, out 
other vertical plates for rapid 


One amplifier defective 


put or 
comparison test 
shows up immediately whereas withoui 
square wave a long point by point fre- 
would be required to 
tandard 


quency 
discover deviation from 


response 





Square wave distortion from 
poor response at both low 
and high frequency. (Oscil- 
logram taken on a typical 
public address amplifier.) 


even more. This is extremely important because once the proper 


criterion has been established a production test can be set up with 
one or at the most two observations with a square wave. 

No priority needed to avail yourself of our engineering help 
but -hp- instruments are going all-out for war and quick deliver- 
ies can be made only to people engaged in the war effort. How- 
ever, we are making prompt deliveries to war plants and our 
capacity for fast production is ample. Write today for information. 


Square wave test on 


feedback amplifier 


showing amplifica- 
tion peak at 9 times 
square wave fre- 
quency. (A normal 


frequency response 


measurement shows 


flat response from 


20 cps to 20 ks.) 


HEWLETT-PACKARD CO. 


BOX1135 D, STATION A - PALO ALTO, CALIF. 
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nisms and replace the pointer-deflection indicator by a 
cathode-ray tube indicator (various types withstand severe 
panel-board vibrations better than any sensitive mechanical 
indicator). Both of these solutions require auxiliary power; 
their practical embodiments weigh too much for most Army 
and Navy applications; they require the addition of a new 
class of specially-trained service men at maintenance bases; 
they can only be used with electrical or electronic primary 
elements and cannot conveniently be used for indicating 
many important factors such as rate-of-climb because 
(apart from several obvious reasons) the multiplicity of 
conversion stages creates an irreducible total error greater 
than the permissible variance. Another solution of the sen- 
sitivity-vs-ruggedness problem consists in designing an in- 
dicator wherein the actuating force and the spring torque 
which balances it are relatively enormous in comparison to 
the “stiction” of even a large, coarse bearing—even when 
this bearing is dirty and gritty. This idea, unfortunately, 
can only be used where energy-levels are sufficiently high: 
in mechanical applications the low differential of a Pitot 
tube, for example, would compel designing a diaphragm of 
absurdly large diameter; in electrical applications the most 
ingenious tricks with coil-turns, cobalt permanent magnets, 
etc., cannot step up microwatts to milliwatts and such ex- 
pedients as, for example, the use of 1” diameter thermo- 
couples to give lots of amperage, introduce thermal lags 
and other characteristics inacceptable to the Armed Forces. 
As a rule, the “brute force” solution of the low-energy-level 
case of the sensitivity-vs-ruggedness problem leads inevita- 
bly to designs suitable for huge industrial boiler-rooms, 
perhaps, but certainly not suitable for air, land and sea 
warcraft or portable equipments. In general, then, our 
Armed Forces’ demand for (1) accurate indications and 
(2) accurate indications in spite of vibrations, shocks, 
humidity, grit, etc., could not be met by any single idea. 
It is not one problem but a number of individual problems. 
A few have not yet been solved; many have been solved 
partly and a few have been solved completely. It must be 
added that some of these problems had been solved before 
the war by aircraft and automotive instrument designers, 
by manufacturers of pocket exposure meters, etc., etc., and 
(indirectly but efficaciously) by the new science of vibration- 
minimizing installation. 


But many of these new or old solutions of sensitivity-vs- 
ruggedness problems—even the presumably complete solu- 
tions—were not “‘complete” when consideration was given to 
the Armed Forces’ third requirement, measurement of all 
important factors. This meant a tremendous increase in 
types and in quantities of instruments. It meant (a) huge 
production in the shortest possible time, (b) rejection of 
complicated designs entailing an unbalanced demand on 
manufacturing facilities and skilled workers, (c) rejection 
of constructions entailing greater tonnages or poundages 
of critical and strategic materials than would be available; 
(d) rejection of intricate designs and constructions which 
would require the Army and Navy to train millions of re- 
pair men and to set up unnecessarily huge maintenance 
shops all over the world. It is true that thanks to improved 
designs and constructions, the average service life of instru- 
ments under severe conditions has been lengthened by a 
hundred percent or more, but even if the “service men per 
1000 instruments” figures of the commercial airlines, bus 
fleets, truck fleets, telephone companies, radio systems, etc., 
were divided by two for corresponding instruments, they 
would have to be multiplied by large factors for complicated 
high-sensitivity instruments. Furthermore, even if the ex- 
perience figures of airlines, bus fleets, etc., were taken as a 
basis, simple arithmetic showed that servicing many millions 
of “sensitive” indicating instruments subjected to rough use 
would require setting up more extensive facilities and train- 
ing larger numbers of maintenance men than ever before in 
the history of warfare. Since repair shops are not prime 
weapons and since repair men do not kill enemies, the total 
“service hours per 1000 instruments” had to be minimized 
to the utmost. 

Now then, by far the greatest cause of stoppages or 
malfunctions of sensitive indicating instruments in war is 
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damage to pivots and bearings. But, as we have 









































: seen, Many 
“solutions” of this problem cannot be adopted when # 
real problem is the rapid production and effectiy, military 
use of millions of instruments. It became obvious that 


bearings and pivots constituted the bottleneck of the in. 
strument situation—one of the bad bottlenecks of the entire 
war production program. Shortly after Pear! Harbor a 
high Army Air Force technical officer* is said to haye de. 
clared that the inventor of a bearing combining the |oy 
friction of the pointed-pivot-in-sapphire-cup and the ryp. 
gedness of the “alarm clock type” polished-shaft-in-bragg. 
plate would deserve the Distinguished Service Medal, be. 
cause this would obviate the need of training tens of thoy. 
sands of instrument maintenance men in the next twelve 
months—not to mention halving the number of instrument 
factories to be built and saving hundreds of millions of 
man-hours on the home front. This impatient remark jm. 
plies that an instrument with perfect bearings would not 
have to be replaced until it was “killed in action” and woul 
require little servicing at infrequent intervals during its 
life—somewhat like the wonderful one-horse shay. The 
writer doubts that it was uttered exactly as reported above, 
The fact remains, however, that wherever large numbers of 
precision indicating instruments are subjected to rough 
service, bearing and pivot failures have accounted for more 
service department man-hours than any other single cause 
—more than all other causes, according to the records of 
some departments. This is not surprising’ because, what- 
ever the type of instrument, it had to be disassembled more 
thoroughly in order to get at this trouble than was required 
for most other stoppages and malfunctions—and disman- 
tling was followed by the largest number of time-consun- 
ing sequences of close inspections, hand-tool and machine- } 
tool operations, reassembling, readjustments, etc. All this 
had become well-known by reason of decades of experience 
not only in various civilian-industry instrument depart- 
ments but in our Armed Forces—particularly in the Army 
Signal Corps, which for years had had more high-grade 
indicating instruments per thousand men than any other 
large instrument-using organization in the world. 


III. QUESTION POSED BY WAR 


Why are low-friction pivots and bearings so fragile? An 
adequate answer, analyzing all factors, would take the form 
of an exhaustive “technical paper” too long and too dry for 
inclusion here. Besides, the real question is: Why are 
conventional low-friction pivots and bearings so fragile’ 
The answer is: Because they consist of sharp-angle hard 
steel conical pivots in vee-cavity natural-sapphire jewel 
bearings. The pivot points are not quite needle-sharp but 
are spheroid surfaces with a radius of about one thousandth 
of an inch in the majority of cases. The bottoms of the 
vee cavities, likewise, are always rounded. As a rule, the 
radius of curvature of the bottom of the cup is about three 
times that of the rounded point of the mating pivot. If 
hardened steel and natural sapphire possessed no elasticity 
at all, the contact area of a 0.002” sphere in a 0.006' 
hemispherical depression would be little more than a geo- 
metrical “point” and for highly-polished (but not geometric 
ally perfect) actual surfaces it would be about a ten-bil- 
lionth of a square inch. Therefore, a featherweight load 
would create local stresses several times greater than the 
compressive yield points of steel and of sapphire, resulting 
in local cracks—microscopic or sub-microscopic cracks, to be 
sure, but irreparable cracks which, multiplying and spread- 
ing with every change of pointer position, would soon 
amount to disintegrated surfaces and an accumulation of 
steel dust and sapphire dust. Since both hardened steel 
and natural sapphire possess elasticity, even a feather- 
weight load, by reason of elastic deformation, produces a 
increase in contact area. Small as it is, this elastic de 
formation is what makes the actual contact area suit the 
varying load and thereby prevent microscopic local over- 
stressing so long as the instrument is handled with care. 





*Or a high Naval Aviation officer—I’ve heard it attributed both 
to General X and to Admiral Y. 
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Why are these two contact surtaces, at the ends of an 
instrument shaft, made so small? In other words, why so 
tiny a point and so tiny a rounded fill at the bottom of 
the vee cup? Simply to minimize frictional torque. This 
answer seems to contradict Coulomb’s second and third laws 
which state that friction is proportional to load and inde- 
pendent of contact area, but experiments have demonstrated 
the superiority of small-area designs over large-area de- 
signs (other things equal) in this particular field of en- 
hancing instrument sensitivity. If any readers remain 
skeptical, let them consider a horizontal instrument shaft 
supported at both ends by ordinary cylindrical bearings; 
next let them imagine another instrument shaft having at 
each end a long-spoked spider (shaped, for example, like a 
buggy wheel minus the rim) with total area of spoke ends 
equal to total bearing area of the first shaft; the materials 
are identical and the loads equal, but no reader will claim 
that the long-radius bearings will show smaller friction 
and most will know from experience with machines and 
gadgets that the long-radius bearings will show greater 
friction in spite of all other things being equal... 
ing the coefficients given in reference books. 

Why not provide for excessive momentary loads by using, 
instead of steel, a material with greater ability to deform 
elastically—a more “rubber-like” material? The answer is 
that hard steel is much more elastic than rubber. Too 
resilient a material would not do because the entire pivot 
cone would bend too much, causing rubbing of other instru- 
ment parts. It’s always a compromise among various physi- 
cal properties of available materials. More about this later. 

Why not sacrifice some sensitivity to gain longer service 
life, by specifying larger contact areas—larger and stronger 
pivots and bearings? Manufacturers have for many years 
been doing just this—some of them rather empirically and 
even arbitrarily but others systematically. For example, a 
mirror-scale laboratory bench model of a good make will 
have extremely small-radius pivots and jewels; the corre- 
sponding portable “test grade” model embodying a moving 
element of exactly the same weight will have “medium” 
pivots; and that same moving element when embodied in a 
portable “service” model will be supported by “large” pivots. 
The guaranteed accuracies, of course, wi!l generally be 
something like 0.1%, 0.75% and 2.5%. But the industrial or 
commercial “service” model will not be rugged enough for 
military service. Merely increasing the sizes of hard steel 
pivot point spheroids and of sapphire cup bottom roundings 
does not solve the general problem posed by the Armed 
Forces’ three requirements. 

Why is the conventional design considered the best one 
for combat instruments? Decades of experience in the 
electrical instrument industry have led to the acceptance 
of this design in the manufacture of indicators wherein the 
actuating torque and the restraining-spring torque are both 
extremely feeble. But the trend in that industry during 
the last four decades has been toward reducing power con- 
sumptions or “burdens” as well as toward improving sen- 
sitivities. In other words, the trend has been toward mini- 
mizing pivot friction in order to make possible (a) succes- 
sive reductions in the actuating torque of each stock model 
as well as (b) the production of lower-range models un- 
dreamt-of thirty years ago. One of the dramatic mile- 
stones of this trend was Weston’s announcement, about 
eight years ago, of a portable commercial instrument cap- 
able of indicating a fraction of a millionth of a volt. Such 
achievements by several electrical-instrument manufacturers 
naturally influenced almost everybody concerned when the 
National Defense program was started in 1940. It is gen- 
erally believed that the conventional shapes and sizes of 
pivots and of cup bearings represent the most practical 
method, in the present state of the art, of minimizing the 
friction of the lightest-weight moving elements being manu- 
factured, when the available actuating power is of the order 
of “a small fraction of a fly-power.” There is no basis for 
believing that this conventional design is the best for 
medium-weight or relatively heavy moving elements. There 
is every reason to believe that this conventional design is 
far from the best of available and service-tested designs 
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includ- ~ 


for application to relatively heavy moving elements de. 
flected by relatively large forces. Indeed, it is so obvious} 
inferior to other designs already developed that one ’ 
these other designs, namely the miniature ball-bearing, j 
winning enthusiastic advocates. 3 

Why are not miniature ball bearings generally believed 
preferable even for feeble-torque applications? Becayse they 
are not being made small enough at the present time: the 
industry is new and, although its products are amazingly 
minute and uniform, the smallest ones in regular predal 
tion are too “large.” This requires explanation: Theoretic. 
ally, any rolling-contact design (ball, roller, ete.) would be 
preferable to any sliding-contact design, regardless of Size 
but tests have shown that—exactly as in the case of the 
contact areas of conventional pivots—there is an optimum 
size for every type of application. To put it crudely: 9 
buggy wheel would be improved by equipping it with biey- 
cle-wheel size ball bearings but not with railway Timkens 
The smallest miniature bearings of exactly-controlled man- 
ufacture and strictly-guaranteed performance are stil] Me 
couple of sizes” too large for the sensitive low-torque jp. 
strument applications today. To-morrow, advances in tech. 
nique will have extended the size range. 

Granting that the conventional design is the most prae- 
tical for “fly-power” light-weight-element applications, why 
are hard steel and natural sapphires generally used jp 
preference to other materials? There are two one-word 
answers: Experience and habit. By experience we mean 
that the evolution of the conventional pivots and jewels be- 
gan with steel and sapphires and therefore has been, in 
effect, a half-century of research and development on the 
optimal shapes and sizes for this particular combination of 
materials.* By habit we mean that the apparent supremacy 
of steel and natural sapphire, due fo lack of extensive work 
with other combinations until recently, has in effect worn 
a mental rut. There is no basis for believing that the com- 
bination of steel and natural sapphire is the best or even 
one of the five best among the numerous combinations 
known today. There already are reasons for believing that 
other combinations are superior in several important re- 
spects, even if the conventional shapes and sizes gradually 
developed for steel and sapphire are not modified. Corro- 
sion-resistance is a property that must be possessed by 
functional parts of instruments for our Armed Forces— 
and it is the very property in which steel is notoriously 
deficient. The various so-called “stainless steels” developed 
up to the present time are unsuitable as raw materials fo: 
pivots by reason of their coarse grain structure and other 
unfavorable physica! characteristics. To-morrow, perhaps, 
when you see stainless-steel razor blades in your drug 
store, you will know that metallurgists have developed a 
corrosion-proof ferrous alloy suitable for instrument pivots. 
It is perfectly true that instruments for the Armed Forces 
must have cases with “close-fitting joints” that “limit the 
entrance of dust and moisture” (wording of War Standard 
approved January 1943) but this is a far cry from having 
hermetically sealed cases. In humid climates where the day 
and night temperature difference exceeds 50°F., instrv- 
ments “breathe” considerably and a case originally filled 
with pure bone-dry dust-free air will, if it is not air-tight, 
contain atmospheric moisture (and other atmospheric con- 
taminants) after a few days and nights in such a climate. 


IV. PRESENT SITUATION—REVOLUTION WELL UNDER 
Way But No “Enp Point” IN SIGHT 


One purpose of this article having been achieved by the 
heterodoxical preceding sections, this section will system- 
atically touch upon specific phases of the present situation 
—some mentioned before, others not. Some of these sub- 
jects have been and others deserve to be treated in detail 

(Continued on Page 282) 

*If other materials had been available in 1887, there would 
have been several simultaneous evolutions resulting today in sev- 
eral sets of optimal shapes and sizes—one set being the fan iliar 
one, another set for the combination of steel and some partic ular 
synthetic gem, another set for some particular non-ferrous alloy 
in combination with natural sapphire, etc., etc. The combination 
of steel and natural sapphire might then be one of the minor onc: 
today. 
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These are VARD’s contributions 


to American manufacturing supremacy 


Here are twelve products, developed in our engineering depart- 
ment and converted into commercial manufactured items in our 
technical shops. 

These twelve fall into three classifications: precision checking 
tools of high fidelity, operating instruments for aircraft and ord- 
nance manufacture, and optical goods and a process of treating 


optical glass. 


In the picture above, No. 1, shows a Varn precision tap. We 
build these to order of special steels, special and left hand threads 
—in fact, the kind hard to get anywhere else. No. 2, is an internal 
thread ring gage. We build these in a wide variety of sizes with 
similar, cylindrical, ring gages. No. 3, is a plug gage, with “Go” 
and “No Go” threads. These, as well as cylinder plug gages, are 
built in all sizes. No. 4, is one of our plain taper, ring gages for 
checking pipe threads. 

Far more sensitive and accurate than the first four, are the Varo 

xternal comparators, No’s. 5 and 6, above. These beautifully 
made checking instruments, quickly indicate variations in size of 


work one ten-thousandth of an inch. Both are bench models, easy 
to move and easy to read. 

No. 7, is a circular dividing machine. It accurately divides cir- 
cular discs into predetermined segments. It is used in the manufac- 
ture of dials, protractors and instruments. We build both circular 
and linear dividing machines. 

Actual operating parts of planes, such as the hydraulic cylinders, 
No. 8, and wing flap indicator, No. 9, are precision built to plane 
manufacturers’ design. We have turned out a great quantity of such 
equipment and are now increasing our plant to handle more. 

Optical lenses, mirrors, and filters, as shown in No’s. 10 and 11, 
are important among our products. In the processing of some of 
these units, we use a newly developed scientific method of vacuum- 
evaporation, No. 12, to deposit durable coatings on the glass 
These coatings, either form a brilliant reflecting surface, in mirrors, 
or materially reduce surface reflection, in lenses or prisms. This 

process of Opticote is a new scientific discovery. 


In 1943 VARD u ill continue to Serve the U.S.A. and 4 


The VARD trademark on a product symbolizes thorough engineer- 


Varo 


ing, the best in materials, and technical, precision workmanship. 


PASADENA, CALIFORNIA, U.S. A. * SUCCESSOR 
@ TO VARD MECHANICAL LABORATORY 














Instrument Men Represented in WPB 


Abstract of a talk by HARVEY P. ROCKWELL, Jr., before the American 
Society for Measurement and Control, Pittsburgh, Pa., March 8, 1943 


ing with measurement and control 

devices sometimes lose sight of the 
real miracles performed by instruments. 
I wish it were possible to tell the entire 
story of war-time instruments to show 
how they are actually landing planes, 
directing guns, simplifying navigation, 
and finding the enemies so that our 
soldiers, sailors and marines can ex- 
terminate them. 

Then, of course, there is the more 
common variety of instruments such as 
the little voltmeter and the pressure 
gage doing a routine but important job 
to insure high standards of quality and 
efficiency in operation. 

But where does the War Production 
Board fit into this instrument picture? 
With facilities, materials and labor very 
short, the War Production Board en- 
deavors to help all manufacturers get 
more production from less of these 
three fundamental ingredients. The im- 
portant thing to be remembered is that 
the War Production Board is not just 
another source of questionnaires but 


[ise wih mon men who are work- 


rather a group of men like yourselves, 
direct from industry, thoroughly ac- 
quainted with your problems and most 
eager to assist in their solutions. 

It is true that the organization is not 
perfect. Probably no one has gathered 
together over 20,000 people in a period 
of slightly more than one year and 
found each and every one without flaws. 
But overall, the War Production Board 
has done certain jobs which no individ- 
ual could have done single-handed. 
Take, for example, the case of the auto- 
motive industry. We can appreciate 
that this industry is seriously needed 
for war production, but until someone 
could direct the entire industry from 
civilian pursuits into the war work, the 
best interest of the country at large 
could not be served. 

Today, Boeing planes are being made 
in the Lockheed and Douglas plants. 
Bringing this down to terms with which 
we are more familiar, it is the same 
thing as having Ford and Chevrolet 
build Plymouth cars and put Plymouth 
names on them. However, when Amer- 


WAR PRODUCTION BOARD 


RADIO AND RADAR DIVISION, ELECTRICAL INSTRUMENT UNIT 
Location: Social Security Building, Third Street and Independence Avenue 
The telephone number of the WPB is Republic 7500 
Organization, Personnel, Function, Room and Telephone Numbers 


Name of Individual 


Harvey P. Rockwell, Jr 


Position 
Chief of Unit 


Phone Ext. 


75675 


Room 
4035 


Processes 


Military Requirements Group 
This group determines and correlates the needs of the Armed Forces. 


Frank G. Vaughn 
P. W. Mack 
Anna L. Schlosselman 


Executive Assistant — 
Requirements Specialist 
Assistant Analyst 


76393 
75675 


4043 
4085 


Operations Group 
This group plans and guides the industrial activities of the industry. 


R. R. Simpson Executive Assistant 
¥. A. Adkins 
Walter Delany 


Charles Brett 


Associate Operations Engineer 
Asst. Approval Analyst 

Asst. Operations Analyst 
Barbara Bradfield Senior Statistical Clerk 


74187 
74187 
74487 
74187 


4061 
4061 


4059 
4059 


L 203 
PD674 
PD675-6 
WPB 1686 


Facilities and Materials 
This group assists in obtaining facilities and materials. 


Harry P. Sparkes Executive Assistant 
Cc. V. Burmaster 


George G. Hoye 


Associate Industrial Specialist 
Asst. Industrial Analyst 


4059 
4059 


CMP4B 


Rescheduling 
This group offers emergency assistance. 


H. L. 
H. D. 
L. M. Randall, Jr. 


Executive Assistant 
Associate Industrial Analyst 
Associate Industrial Analyst 


4057 
4057 


Forms Listed Above Under Processes 


Form No. 
CMP-4B 


PD674 
ing Instruments 


PD675 Small Panel 
Monthly Delivery Schedule 
PD676 
SR1 
WPB-1686 
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Electrical Combat 


Title 


Application for Allotment of Controlled Materials for Class B Products 
Application for Authorization to Reserve Delivery of Combat Measur- 


Measuring Instruments, Supplier's 


Combat Measuring Instruments; Supplier’s Monthly Operations Report 


Application for Special Rating 
Combat Measuring Instruments; Supplier’s Product Classification 


icans realize there is a need, and knoy 
the reason clearly, they are Willing t, 
make any sacrifice to achieve the e 

From this it follows that when 4 
Armed Services show their needs ty 
group of men from industry acting t, 
speed war production, the result yi 
be an increased tempo of armanes 
operation. 

One of the large users of electric 
measuring instruments is the radio ang 
radar industry. They are, in fact, 
ing more than half of these instruments 
as well as a number of other critic) 
components such as capacitors, vacuy 
tubes, resistors, and the like. Many of 
these items are gathered in the Radiy 
and Radar Division of the War Py 
duction Board to be handled by sp. 
cialists from industry who have con 
to Washington, with the prime obje¢ 
of seeing that sufficient quantities ¢ 
each item are made available to th 
Armed Forces when needed. 

It might be interesting to have a lit. 
tle idea of the organization of a typi- 
cal Component Unit, From the organi. 
zation chart herewith, it can be see 
that such a Unit is built around a Mil 
tary Advisory Committee and an Ip. 
dustry Advisory Committee compose 
of representatives familiar with the 
problems and able to guide the activ- 
ties of the Unit. 

In addition, there are Consultants 
from the Armed Services and the In- 
dustry who work directly with the Unit 
to see that the problems, both military 
and: industrial, are considered. 

The three operating groups of the 
Unit are headed by 

(1) a requirements engineer 

(2) an operations engineer 

(3) a production engineer 

By means of these groups it is poss: 
ble to give industry an idea of the re 
quirements that they can expect for 
particular period of time. The oper 
tions engineer is charged with the re 
sponsibility of knowing the plant load, 
capacity and shipments of the products 
in question. The production engine! 
supplies the facilities, materials an 
schedules of production. 

Industry, of course, has many prob 
lems such as relating its facilities 
military requirements, obtaining crit 
cal materials, and operating unde! 
many restrictions laid down by the wa! 
economy. Industry recognizes that |! 
has a related Unit in Washington % 
which it can look for assistance from 
men whose association with Indust 
enables them to know the problems firs 
hand. In addition, the field staff of the 
War Production Board is frequentl 
able to render assistance quickly an 
effectively on many local problems. 
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TWO OF OUR 


New Johnson 
Vibration Machines 


For producing Horizontal, 


Vertical, circular motion. 


Vibration Machine VMJ2H 
Horizontal motion, fre- 
quencies up to 6,000 CPM. 
Loads 100 to 150 Ibs. Ac- 


celerations to 12G. 


Vibration Machine VMJ3C 
Circular translatory mo 
tion, 45° plane, vertical o1 
horizontal mounting. Fre 
quencies up to 3,000 CPM. 


COAST BRANCH: 180 EAST CALIFORNIA STREET, PASADENA, CALIFORNIA 





BRATIONS WILL BREAK A HARP STRING AND GROUND A BOMBER 


The effects of resonant vibrations cannot be computed. ‘They can 
be determined only by “break-down” test. 

For the testing of instruments, radios, tubes, communications, 
armaments and parts, Waugh Laboratories offers a wide choice of 
equipment. Their Mechanical Oscillators range from low fre- 
quency high amplitude machines to machines of low amplitude 
and extremely high frequencies. 

These equipments are for Waugh Laboratories 
SALE or RENT. Write for service, if desired, 


descriptive booklets. available on a per diem basts. 


EMU Git 
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420 LEXINGTON AVENUE, NEW YORK CITY 
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THE KOLLSMAN ae SPEED INDICATOR, 
called Rate of Clim 


ME? lin going 10 buy a lithe farm’ 
| a ne . 


da. 


“WHEN WE'VE TAKEN care of Goering’s boys, I'm 
going back to West Virginia and get me a little 
farm. But I won't be holed-in like the old folks 
were. I'll have my own plane . . . maybe one of those 
helicopter jobs they're talking about that can go 


WHAT THE PLANE OF TOMORROW will look like, or hou 
it will perform, we don't exactly know. But we do know 
at Kollsman research engineers are constantly plan- 
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. to help smooth out tomorrow's skyways, 
wings to a nation at peace. 
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 Indicat yr, is one of ihe basic instru- 
s for maintaining level flight and for shou ing the 


rate ofc ange in altitude. Though bi ighl sensitive, the V er- 
licae 1 Speed Ind: 


ator can “take it”, even ina 


power dive. 
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straight up and down and land in the back yard 


Then I'll be able to hop into town, or across the 
country, any time I want to. With the right kind 


of instruments, I'll be as free as the air I fly through 
And, brother, that’s for me!” 


KOLLSMAN 


yMENTS 


TR 
AIRCRAFT i: 


Product © COMPANY 
square 1 


ELMHURST, NEW YORK « GLENDALE, CALIFORNIA 
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Tester for Ratio Type Dual and 


Single Thermometer 


By PAUL S. WHITE 
Inspector (name of plant deleted), La Crosse, Wis. 










HE dual and single ratio type electrical universal 
thermometer offers perhaps the greatest opportunity 
for development of portable test equipment for con- 
hience in assuring the contractor as well as the inspector 
t the product is in perfect operating condition before 
al packing and shipment is made. 

Due to the many difficulties encountered in the manufac- 
re of this instrument, to its comparative newness and to 
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s progress from more or less the embryonic stage for the 
neral instrument manufacturer, it has become necessary 
construct new test equipment capable of handling it on 
preduction basis. 

The portable test unit illustrated herewith has been de- 
oped and has proved highly successful because of its 
mple construction and ease of operation. It is so designed 









a-Toggle Switch (C) 


‘ec Point Switch 


$1) @ —+ rou Prong Receptacle (A) 
"iver Contacts (D) ® 


@ —+-Five Prong Receptacle (3B) 





e the thermometer, single or dual, may be plugged into 
re receptacles A or B respectively and tested for four dif- 
erent temperature: —70°, 0°, 80° and 150° Centigrade, 
hich allows full dial coverage. With the wiring followed 
s illustrated, it is possible to check both sides of a dual 
hermometer, thereby allowing the pointers to pass each 
ther in checking for interference (which is possible due to 
he small clearance between them). At the same time, cali- 





Power plant 





M. F. Behar, Editor 


Automatic- landing Aerological 


Production instrument- testing 


MAY 1943 


bration is rechecked and the operation of the instrument 
in all positions may be determined by inverting the test 
unit. This unit is provided with a handle for convenience in 
carrying and an internal voltage supply which consists of 
a 45-volt battery. 

With the switch C a resistor is mechanically cut into the 
circuit, which provides the means of checking the dual or 
single at will. 

The schematic wiring diagram is self-explanatory. 
been used with a high degree of success. 


It has 





Trouble-shooting the Electrical 


Tachometer System 
By HARRY E. GEDDES 


Senior Mechanic, Electrical Instruments, American Airlines. 
Instructor, New York School of Aircraft Instruments. 


ITH the coming of two- and four-motored airplanes, 

W a better and more efficient way of communicating 
the rotational speed of the engine to the pilots’ 
compartment had to be found. The old way of using a flex- 
ible shaft driven by the engine to operate a centrifugal 
tachometer had reached its limits. The length of a flexible 
shaft is limited to about 25 feet for efficient operation. The 
installation of the flexible shaft had to be without sharp 
bends, otherwise this would cause a whipping action of the 








Fig. 1 Fig. 2 


shaft resulting in an erratic or fluctuating movement of the 
indicator pointer. This is in direct contrast to the electrical 
tachometer system where there are no limitations as to the 
amount of sharpness of the bends in the connecting wires. 
For instance, consider the Weston Model 724 tachometer 
magneto and Model 545 indicator as illustrated in Figs. 1 
and 2. 

The magneto is a two-pole d-c. generator which uses a 
ring type cobalt magnet as a field. This is also known as a 
permanent-magnet type d-c. generator. The voltage and cur- 
rent generated depend upon the speed of the armature in 
cutting the lines of force of the permanent magnetic field. 


May 
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Trouble: No reading—Either permanent or intermittent 


Possible cause 


Remedy 


Short circuit in leads Repair 
Break in lead | Repair 
Poor connection at magneto | Clean and tighten 
plug or at indicator binding 
posts 
Break in indicator or | Replace and return to 
magneto instrument shop 


Trouble: Low reading—Either permanent or intermittent 


Possible cause Remedy 


Poor connection at magneto | Clean and tighten 
plug or at indicator binding | 
posts 

Oil or water seepage at 
magneto plug and socket 

or in wire conduit 

Zero corrector screw off 
adjustment on indicator 
Coupling to magneto loose 
Coupling to magneto worn 


Clean and dry 


Disconnect lead and reset 
pointer to zero 

Tighten 

Replace and return to 
instrument shop 

Replace and return magneto 
or indicator to instrument 
shop 


Magneto brushes worn or 
indicator pivots dull 


Trouble: High readings—Either permanent or intermittent 


Possible cause 


Disconnect lead and reset 
pointer to zero 

Replace and return indicator 
to instrument shop 


Zero corrector screw off of 
adjustment on indicator 
Indicator resistance off 
adjustment 


The open-circuit voltage at 1000 r.p.m. is 6 volts. By open- 
circuit voltage, we mean that with the armature of the 
magneto turning at a speed of 1000 r.p.m. and with no in- 
dicator connected to its terminals, the resistance of the 
magneto is 200 ohms and an internal voltage drop occurs 
when used with a Model 545 tachometer indicator. Due to 
the load of the indicator being placed on the magneto, the 
voltage at a given speed will be less than the open-circuit 
voltage. This is governed by the current drawn by the in- 


TROUBLE-SHOOTING 


Wear or severe vibration are the usual causes of trou} 
I have listed some of the more common causes of this J 
tem giving a poor or intermittent operation. Where | ha 
mentioned to replace the indicator or magneto and sen4 ; 
fective part to the instrument shop, this applies mainly 
an airline or organization which maintains its own rena 
department with mechanics who are specialists in thei; oR 
line of work. A private pilot who experiences trouble vif 
his tachometer system should go to an approved instrumey 
repair station or return the defective indicator or magy, 
to the factory for repairs. 





Cleaning Small Bench Files 
By GEORGE E. KERN 


20th Airdrome Squadron, Army Air Base, Salina, Kansay 


HALKING a file is sometimes used to prevent chi 
from clogging the teeth. However this is rather megs 
and a piece of chalk is seldom at hand. Here is g iy 


handed down by an old-time jeweler. A flat straight edgd 
piece of copper (scrap will do) thick enough so it will no 
bend when pressure is applied, is drawn diagonally acros 
the file, in line with the cutting of the file. The idea is tha 
lines will be cut in the soft copper. Draw the copper acros 
the file until all chips are removed. A clean file is the result 
of the effort. 





Protecting Screw Threads from Damage 


When Holding in Lathe Chuck 
By GEORGE E. KERN 


20th Airdrome Squadron, Army Air Base, Salina, Kansas 


HEN a special screw has been turned, threaded and 
cut off the rod, the head has to be finished. To hold 
the threaded part in the chuck, wind a length of wit 


dicator multiplied by the resistance of the magneto. The 
sensitivity of most Model 545 tachometer indicators is 7.5 
milliamperes for full-scale deflection. Therefore, when the 
indicator shows full-scale speed, the drop in voltage in the 
magneto is 1.5 volts. The Model 545 indicator mechanism 
is designed to permit a 270° scale deflection of the pointer. 
The theory of operation is the same as the conventional d-c: 
movement except that the magnetic flux is distributed over 
this larger deflection angle by a suitable design of the core 
and pole pieces. 





INSTALLATION 





The complete system consists of a tachometer magneto 
and indicator for each engine with the necessary connec- 
tions and wiring. The indicator should be installed in a 
properly shock-mounted panel. Little trouble will be experi- 
enced with this system during normal operation but it 
should be inspected periodically to make certain that all 
electrical connections are clean and tight and that the in- 
sulation on all connecting wires is not frayed or broken. 
The connecting plug on the magneto should be inspected 
thoroughly to see that no oil or water has seeped into it. 





PIAHETER Aeven Wiki 
43 WeVvNd @—— 


around in the threads. The wire should be of large enough 
diameter so it will project above the thread edges, 4n¢ 
protect them from the jaws of the chuck. 

This idea is also used to increase the diameter of sma! 
drills that a drill chuck will not “take.” 
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Unchained Lightni 


The precision instruments on a modern com- 
bat plane keep its tremendous power under 


Files 


control, otherwise a hot ship would be so 
much “‘unchained” lightning. Since many of 


Salina, Kansa, 



















a Prevent ¢hj these instraments are electrically oper- 
18 rather m 43 P . ° 

| Here is a ki ated, connectors play a vital role in their 
> performance. For instruments are no bet- 


ter than the connectors back of them. 


Cannon Connectors are used not only 
Ae by the manufacturer in the construction 
of planes but also by manufacturers of 
aircraft instruments. Cannon produces 
only the finest of precision-made de- 
pendable connectors, ideally suited to the 
demands of the instrument maker. 


CANNON ELECTRIC 


@ Cannon Electric Development Company, Los Angeles, California 
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Instrument panel of the 
Lockheed “Hudson” bomber 





















Canadian Factory and Engineering Office: 
Cannon Electric Co., Ltd., Toronto, Canada 





Representatives In Principal Cities — Consult Your Local Telephone Book 
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WRITE FOR SECOND EDITION REVISED AN BULLETIN 
with 22 new insert arrangements— an 
88-page illustrated bulletin on Can- 
non AN Connectors, giving complete 
information on entire AN line, is avail- 
able. Your copy will be mailed on re- 
quest. W rite Dept. AC,Cannon Electric 
Development Co., Los Angeles, Calif. 
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KOLD-HOLD “Hi-Low” 


for Fast, Accurate, Wide-Range Testing 


Test aircraft instruments, radio receivers, 
transmitters, batteries, wire, metals and 
various devices over a wide controlled tem- 
perature range with the KOLD-HOLD “Hi- 


machine. 





Low” 


An unusually large working space, com- 
bined with a wide Thermopane paneled door, 
offers maximum workability and visibility. 
Optional door and hand hole arrangements 
available. 

KOLD-HOLD engineers are ready and will- 
ing to show you how to use the “Hi-Low” 
machine to best advantage in meeting to- 
day’s demand for speed in production at no 
sacrifice in precision. Send for complete 
details, now. 

NEW YORK — 254 W. 3ist St. — Pennsylvania 6-1161 


CHICAGO — 201 N, Wells — Randolph 3986 
LOS ANGELES — 1015 W. Second — Michigan 4989 


KOLD- HOLD MANUFACTURING CO. 


$41 N. Grar ve LANSING, MICH., U.S.A 









AIRCRAFT INSTRUMENT Guy 


4 


INTERNATIONAL 812 N. Detawanz Prace 
HEADQUARTERS Tutsa, Oxrazoma 


& iN 


The following articles (to the bottom of 
Page 278) have been contributed by the Air- 
craft Instrument Guild. For further infor- 
mation on any of the subjects discussed, 
write to the Guild at the above addres: 


How to Spot-weld Chronometric 


Tachometer Corrector Wheel 


By L. H. HARVAT 

Spartan School of Aeronautics, Tulsa, Okla. 
FTER much experimenting, a method has been foypj 
for keeping the corrector wheel of Jaeger chronome 
ric tachometers from becoming loose and throwing the jp 
strument out of calibration. The method involves the use of 
the jig illustrated herewith, in conjunction with an electri 

arc welder (jewelers’ type preferred). 

Fig. 1 shows the Y-shaped brass plates of which thre 
are required (top, middle and bottom) with holes and 4. 
mensions. Fig. 2 shows the three Y-shaped brass plates jp 
position with pens and nut on bottom plate, the butterfly 
bolt inserted from the top and the two brass plate spacers 
soldered to bottom and middle plates. 

Fig. 3 shows the earbon electrode and holder. The carbon 
can be taken from a pen-flashlight battery and turned doy 
to a point for contact. Holder for carbon may be made of 
brass rod. 

The wheel is placed in the jig in this manner: First, slide 
into place the center Y-plate which fits between the wheels 
of the corrector wheel and around the tension spring. Insert 
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_..the American Military Machine must be equipped with 


superior materials of war. To this end, DeJur Aircraft and 





Electrical Instruments, Potentiometers and Rheostats are built 
to the most critical standards of quality and precision. Behind 
them are twenty-five years of experience and laboratory re- 
search. Before them stands the future of the democratic way 


of life. Neither you nor ourselves can afford to falter now. 














— -\\\ a aw ee SHELTON, CONNECTICUT 
et Screws I a 
\ may ee NEW YORK PLANT: CANADIAN SALES OFFICE: 
99 Hudson Street, New York City $60 King Street West, Toronto 


HAW EVER... t's Cmportant to keeps buying Wan Bonds and Stamps 
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MARINE * AIRCRAFT * SIGNAL CORPS 
and INDUSTRIAL APPLICATIONS 





You will want a copy of this new Catalog 
which illustrates and describes the complete 
line of Standard Model Gothard Pilot Light 
Assemblies, giving dimensional diagrams and 


prices. If you have a special Pilot Light 
requirement — ask Gothard Engineers for a 
solution. 

Write for 


your copy of 
the Gothard 
Catalog. 





MANUFACTURING COMPANY 
1355 NORTH NINTH ST., SPRINGFIELD, ILLINOIS 





ee HIGH SPEED 
Coil Winding 


 — COUNTER 


Counts at speeds up to 10,000 
turns per minute Automatically de- 
ducts turns taken off coil in case of 
over-run. Two clocklike hands indi- 
cate units on large, easy-to-read 
scales ona six inch dial 






Reset to zero is a quick, one-mo- 
tion movement. Hands hove specially 
designed hubs with large bearing areas for positive, non-vibrating 
movement and long wear life. All gears are hobbed after assembly on 
their own shafts — Oilite bearings on main shaft 


Flexible Shoft Unit illustrated at right enables operator to watch 
both the coil winding operation and | aang: 
the count with slightest eye move- 
ment. Also brings reset-to-zero much 
closer to the operator. Contributes _ 
to increased production and more 
accurate coil winding with less fa- 
tigue for the operator. 





Descriptive literature on request. 





Ree 


P reskackion + ae Company 


702 W. JACKSON BLVD., CHICAGO, ILL. 
Manufacturers of Counting, Timing and Recording Devices 
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| amount indicated on the suction gage. Similarly, it is pos- 


















































Monet questions have been asked regarding the chron- 


| common knowledge that if the instrument is properly assem- 
| bled and all parts are perfect, we will have a perfect instru- 
















the bottom plate with the nut and pens attached, Which | 
pushed through from the bottom. The upper plate jg 4 
placed on from the top and the bolt is screwed down firm) 
to create good electrical contact and hold in position yj; 
welding. Be sure to line up the studs on corrector wheel 
the exact 45° angle before tightening the bolt and assembly 
This jig is mainly used to hold the wheel in position (4 
angle of studs) and to keep it from warping because of th 
heat used in are welding. This jig should be fastened firm! 
to one wire of the electric arc welder and the carbon eleg 
trode attached to the other contact. Spot weld the wheel i 
about three or four places on both sides. (A little prelin 
nary practice is worthwhile as the proper amount of hea 
applied fast is important. A slow heat will cause warping) 
Last, clean off with wire brush or emery paper. 





The A.1.G. Q&A Column 
Conducted by E. M. ALLSMAN 


Recorder, Aircraft Instrument Guild 


Q. Instructions with our new portable C-1 Test Set in. 
clude a check for the manifold pressure gage in which thy 
readings are compared with those on the Master Suctioy 
Gage. How may this be accomplished when the manifolj 
pressure gage measures absolute pressures while the suctioy 
gage is a differential-pressure measuring 
(D. H., Miami, Fla.) 

A. The manifold pressure gage is actuated by an aneroid 
which is sealed at a given pressure and, consequently, it 
will give an indication of any deviation from this condition. 
Therefore it is affected by changes in atmospheric pressure 
and, for any given instance, it should indicate the existing 
barometric pressure when the engine is not running. When- 
ever the engine is operating, the resultant reading is one 
of differential pressure based upon the existing pressure, o: 
proportional to the difference of the pressure inside the 
case compared to that on the inside of the capsule. (This 
arrangement is necessary to compensate for changes in 
altitude and barometric pressure.) 

Thus it is quite apparent that we may, in a comparative 
manner, test the manifold pressure gage against the limited 
scale of the suction gage in that the pressure within the 
case of the former is the same as that inside the diaphragm 
of the latter. 

Preceding the test we must ascertain that the manifold 
pressure indication is within the required zero tolerance by 
comparing it with the existing atmospheric pressure as 
shown on the barometric scale of the sensitive altimeter, 
pointers set to zero. As suction is slowly applied, the read- 
ing should vary from the existing station pressure by the 


instrument? 


sible to test the instrument on the pressure side. Please 
bear in mind, however, that this is intended only as a gen- 
eral check for the installation and is not to be considered 
adequate for a bench test. 


Q. Why are cylinder temperature gages used with som 
liquid-cooled engines? (S. L., Kansas.) 
A. This installation is used to indicate base temperature 





Trouble-shooting Chart for 


Chronometric Tachometers 
By F. E. HONEYCUTT 


Night Foreman, Spartan Instrument Overhaul Dept., 
Tulsa, Okla. 


ometric tachometer. The following is a list of poss! 
ble causes for errors in this unit. Of course 1‘ }§ 
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T cleviso TEST EQUIPMENT 
§ Azrcraft 
A: 6A. _ 


Illustration shows 
Gyro Final Test * 
Equipment. 


COMPLETE LITERATURE 
on aircraft and industrial 
electro mechanical test 
equipment available to gov- 
ermment agencies and pro- 
ducers of war material. 
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Now Available! 


Vertical and Gyro Horizon Rotor Vibration Test. 
Autosyn Voltage Calibrator. 

Azimuth and Vertical Gyro Final Test. 
Follow-up Motor Run-in Stand. 

Emission and Deflection Tube-Tester. 

Dynamic Autosyn Test. 

Trim Tab Torque Indicator. 

Variable Balance Power Supplies. 


Other units built to your specifications. 


Treleviso Products, I<. 


6533 N. OLMSTEAD (Northwest Highway), CHICAGO, ILL. 
Pioneer Builders of Special Electronic instruments — 








Model 4-5-E-16-Q, 
Predetermined Counter 


Speed production, double, 
triple each day's schedules 
of parts needed for bombers, 
fighters, pursuit planes... engines, guns, torpedoes, bombs! 
“Keeping ‘em flying” demands the supreme effort of every 
man, every machine on the production line. 


PRODUCTIMETERS sive accurate count or measure- 
ment for production control on this vital front. They conserve 
man-hours, prevent waste. There’s a standard Productimeter 
for practically every need, Stroke, Rotary, Lineal, Wire Meas- 
uring, Conveyor, Predetermined, Electric. They're built for 
speed, accuracy, and day after day hard use. 


Send for your copy of Bulletin No. 100 
DURANT MANUFACTURING COMPAN 


PRODWETIMETERS 194E 


Providence, R. I 


eet 


> r 
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ment. But, due to the large number of moving parts 
the speed some of these parts travel, worn conditions 
be created that are not overly apparent; even then wy 
may be missed until calibration brings out these en 
after which the following outline may be used to cull 
vantage. [The symptoms are printed in bold-face type 
the causes of errors listed below. ] 


I. Pointer does not move from neutral position. 
A. Defaced gears: 
1. Drive shaft. 
2. Reverse gear mechanism 
a. jammed pinions. 
3. Commander: 
a. frozen. 
b. broken pin. 
. Floating pinion: 
a. disengaged or thrown. 
(1) too much or too little tension on drag link arn, 
(2) worn pivots. 
5. Integrator. 

B. Broken studs on integrator and corrector assembly, 

C. Index finger misplaced or broken. 

D. Inoperative cam: 

1. Mainspring broken or slipping on arbor. 
2. Hub washers broken. 
3. Anchor assembly: 
a. pins bent, worn or broken. 
b. throat and guard worn or broken. 
4. Balance assembly: 
a. roller pin broken, bent or out of alignment wit 
anchor assembly. 
b. hairspring collet loose on staff. 

II. Pointer ascends at intervals and does not descend. 

A. The bottom forkspring is not disengaging integrato 
gear. 

III. Pointer ascends and descends at intervals;. 

A. Disengaged forkspring. 

1. Corrector gear. 
2. Integrator gear. 

IV. Pointer doesn’t descend. 

A. The middle forkspring is not disengaging corrector gear 

V. Pointer oscillates. 

A. The corrector or integrator forkspring is blunt. 

B. The corrector teeth are blunt or defaced. 

C. The hub or corrector assembly is too large. 

VI. Pointer spins. 

A. The floating pinion is not disengaging the integrator 

VII. Pointer does not completely return to neutral position. 

A. Too much tension on top forkspring. 

B. Not enough tension on corrector spring. 

C. Weak mainspring. 

VIII. Pointer stops at a certain graduation. 

A. One or two defaced teeth on the integrator. 

IX. Pointer ascends and descends while instrument is face 

down, but checks OK while face is up. 

A. Too much end shake in cam assembly. 

B. The integrator forkspring is riding on shoulder below 
lower cam. 

X. The reason for a curve. 

A. The corrector gear slipped. (Decrease distance betwee! 
studs and stake.) 

XI. Three ways to speed up calibration. 

A. Lengthening hairspring. 

B. Decrease the distance of studs on corrector assembly. 

C. Add. weights. 

XII. A simple test to check for unstaked or loose corrector 

assembly before putting into case. 

A. Disengage the corrector forkspring. Turn the pointer 
around to ten thousand graduation and let snap back at 
least three times, then check for calibration. If a change 
appears, the corrector assembly needs to be re-staked oF 
spot welded. 


*For spot welding method, refer to article by L. H. Ha 
this issue of Instruments. 
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20M DESTROYERS TO DAMS 


_,. “BENDIX AUTOSYN™ systems offer broad 
possibilities for remote indication and control. 
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HE “BENDIX AUTOSYN” systems of remote indication 
ie control have for years been serving our Navy 
drag link arp jug and Merchant Marine. Now, this rugged, precision-built 
“ER equipment is finding equally vital uses in many other 

fields .. . on giant power dams, for example. 
r assembly. Through a simple, five-wire system, one Transmitting 
"suTosyN” Motor synchronized with one or more Re- 
ceiving “AUTOSYN” Motors provides accurate, dependable 
r. remote control of motors, valves, gear speeds, lighting 
systems, etc.; or remote indication of position, tempera- 
ture, pressure, quantity or well-nigh any other data 

measured by instruments. 

Such a system will save time, eliminate errors, speed 
production for you. Write today for full information. 
alignment wit 






e "BENDIX AUTOSYN” System is a 
ai member of “The Invisible Crew” — 
ecision equipment which 25 Bendix 
pnis, coast to coast, are speeding 
our fighting crews everywhere. 


MARINE DIVISION - BENDIX AVIATION CORPORATION - One Hanson Place, Brooklyn, N. Y. 
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wt PORTABLE ELECTRIC 
INSTRUMENT WASHER 


Same instrument with ther- 
mostatically controlled 
heating element for use 
with low-cost solutions 


ppt cision 


blunt. 


integrator 
utral position. 













Use your own proven 
solvent or cleansing 
liquid such as Oakite, 
soap, powder solu- 
tion, carbon tetra- where constant tempera- 
chloride, trichlor- ture is required, Model 


ethylene, etc. Complete with C742-B, $85.00. 
"me 


Filings, burrs, etc., from 
brass or copper screw ma- 
chine parts salvaged in 
sediment trap will soon 
pay for this machine. 
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THOROUGHLY AND SAFELY CLEANSES THE MOST 
DELICATE MECHANISMS AND SMALL PARTS 


1. No Abrasions! No Bumping! No Scratching! No Tumbling! Absolutely 
no abuse because there is no moving of the most delicate parts or mechanisms. 


oulder below 







nce betweer 





2. Cleansing liquid circulates through complex and odd shaped instrument 
assemblies—work remains stationary. 


3. Keeps disassembled parts to- 5. Compartments can be lifted out. Larger 
gether;nomixed ormissing parts. parts can be just as thoroughly cleaned. 





ssembly. 





se corrector 






4. Work comes out like new. 6. Drain well at bottom for dirt elimination. 


WRITE FOR LITERATURE 
AIRCRAFT INSTRUMENT DIVISION 


NAXON UTILITIES CORPORATION 


Engineers and Manufacturers of Precision Electrical Devices Since 1922 
2101-11 WALNUT STREET, CHICAGO, ILLINOIS 
World’s Leading Manufacturer of Portable Electric Washers 
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Remote Control Method 
Concluded from page 252 
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with the transmitting and receiving inductances 
combined into one unit. The low-torque shaft 
varies the position of the inductance rotors, and the 
servomotor adjusts the inductance stators, main- 
taining a resonant condition at all times. This as- 
sures constant mechanical relationship between the 
stators and rotors of the inductances. This system 
may be made relatively compact and with electronic 
amplifiers may be made dynamic in action. It is 
suitable for continuous 360° operation. 


RADIO CONTROL 


All of the systems mentioned so far are suitable 
for wire operation. Fig. 7 illustrates a radio posi- 
tion-transmission system capable of definite pro- 
portionate position control over a radio carrier. 
The receiving part of the radio system consists of 
variable inductance L, and C., and a servomotor. 
Phase one of the servomotor is in series with the 
inductance and the capacitance, and phase two is 
made essentially resistive and connected directly 
across the alternating voltage supply, in this case 
the output of the radio receiver. Such a circuit is es- 
sentially a frequency meter supplied from the radio 
receiver. The position transmitter consists of a 
similar circuit with the servomotor operating an 
audio oscillator which is used to modulate the radio 
transmitter. The transmitter servomotor adjusts 
the audio oscillator frequency to the resonant fre- 
quency of L, and C,. This frequency modulates the 
radio transmitter and therefore excites the posi- 
tion receiving circuit which is adjusted by the re- 
ceiving servomotor until it is resonating with the 
applied frequency. If L, and L, are identical me- 
chanically-variable inductances, and C, and C, are 
equal, the position of the control shaft of L, will be 
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rs TO RADIO TRANSMITTER 


FROM RADIO RECEIVER = 


FIG. 7 


duplicated by the position of the contro! shaft 
inductance L,. The servomotor in the trangm 
is included to permit satisfactory field opera 
If the audio oscillator drifts during warm-up, o 
any other time, the servomotor corrects the di 
since it maintains the oscillator frequency equal 
the resonant frequency of the circuit L,C,,. 


Multi-channel radio control may be obtajp 
with the above radio circuit by assigning a f 
quency band and modulating different sub-capy; 
frequencies with each separate control, filter 
them at the receiving end. The carrier System 
more satisfactory for a large numbeér of channe 
and the individual frequency band system is apni 
cable for operation of two to four channels, 4 
type of vehicle could be positively controlled by 
system because the control is continuous and y 
intermittent or based upon a step-by-step arrang 
ment. 


RADIO Posiry 
RECEIVER 


SERV 














CONCLUSION 


It is hoped that this article illustrates the res 
nant control principle and some of its typical appli 
cations. Operating models which have been co 
structed have demonstrated many applications 
the principle. Development is continuing and an 
suggestions for further applications and uses fron 
the field would be gratefully received. 





Photoelectric Measurement of Colo 


NTEREST in the measurement and quantitative speci 

fication of color has grown rapidly in recent years be 
cause of the increased use of numerical designations 0 
color in purchase specifications for paint, paper, ceramic 
and other materials, and because of the increased attention 
given to the appearance of many finished articles sold » 
the market. The photoelectric tristimulus method of meas 
uring color is simple and direct, and its possibilities have 
not been examined until recently. Although new filter 
photocell methods. for measuring color have been announcet 
frequently during ‘the last 15 years, measurements hav 
shown that the filters and photocells in most of these iI 
struments were not properly chosen, as regards spectra 
character, for making the purported measurements of colo! 

In Circular C429 of the National Bureau of Standards 
Richard S. Hunter describes a number of types of col0! 
measurements which can be made with any device having 
the source, three filters, and photocell which he has selected 
Because the resultant three combinations of source, filter, 
and photocell are nearly equivalent spectrally to the IC 
standard observer for colorimetry, measurements with ther 
give valuable quantitative color information. 

Copies of C429 are obtainable from the Superintendet! 
of Documents, Government Printing Office, Washingto 
D. C., at 10 cents each. 
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Ask the men who produce planes and the men 
who pilot them. They'll tell you what vital part power sags and surges as great as 30%. 
of Colo constant voltage plays in modern aviation. In the 
ntitative speci 
cent years be. 
lesignations of 


For unerring operation of precision tools, and 
sky, it’s constant voltage on the directional beam protection of almost irreplaceable instruments 
which guides the ships through night and storm. and electronic tubes, put Sona Constant Vout- 


In the shop, it’s constant voltage on the production AGE TRANSFORMERS on duty in your plant. 
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line which maintains the split-hair accuracy of 


precision airplane parts. 

For the aircraft industry—and for your own— 
SoLa CONSTANT VOLTAGE TRANSFORMERS provide 
this all-important stabilized power. They stand 
between costly equipment and destructive voltage 


fluctuations now common on overloaded power 





Constant Volt 


They’re built in standard units from 10 VA to 
15 KVA capacity—self-protecting against short 
circuit and without moving parts. Special units 


can be built to specification. 





Note to Industrial Executives: Find out how Sola 
“CV” transformers can solve voltage control problems in 
your operations. Send for bulletin GC 1"-7 


b rieftormers 


Transformers for: Constant Voltage * Cold Cathode Lighting * Mercury Lamps « Series Lighting - Fluorescent Lighting * X-ray Equipment + Luminous Tube Signs 
O# Burner Ignition * Radio + Power + Controls +» Signal Systems * Door Bells and Chimes + etc. SOLA ELECTRIC CO., 2525 Clybourn Ave., Chicago, mi. 
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POSITIONS 
WANTED 


TEST ENGINEERS AVAILABLE 


Sure, this is just a come-on—we can't really spare our 
engineers permanently but we can solve your Army, 
Navy and Air Corps test specification problems by 
fully automatic devices which are, in effect, test en- 
gineers, 


We solicit all your testing problems but we specialize 
in high altitude, low temperature and controlled hu- 


midity. 
FULLY AUTOMATIC TEST EQUIPMENT 


This equipment is sized to meet your needs; from 
small units to large rooms with the following perform- 
ance characteristic limits— 


TEMPERATURES FROM -i00°F. to —-i60°F. (+2°) 
HUMIDITY FROM 20°° RH to 95° RH (+5) 
ALTITUDE SIMULATION FROM ZERO TO 80,000 FEET 


lf your test problems are for the duration only, your 
management will be particularly interested in our 
“Lease-Lend" plan which calls for no capital invest- 
ment. 


Write for details on the “Lease-Lend" plan and our 
bulletin No. 19 for technical data and performance 
ranges on our test equipment. 


Present your problems in complete detail 
for rapid solution and early elimination. 


| Se 


WORTHERN ENGINEERING LABORATORIES 


—_ Hi] i Hi 
NORTHER 
ENGINEERING LABORATORIES 


50 CHURCH STREET - + + NEW YORK,NY. 
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Instrument Pivots and Bearings Go to Wa 
(Continued from Page 266) 


in the form of full-length technical papers befo; Varions 
engineering bodies.1 This will require that competent Writ. 
ers close to the scenes of action start gathering quantitatiy, 
data from their associates and competitors, or- Many 
cases—obtain such data by making new tests and levising 
new test methods. Statistical information likewis equires 
diligent delving.? 


1. Shifts in Research Intensity and Directio, 


So much research on pivots and jewels of precision jp. 
struments has been carried on since the turn of the century 
that the published research alone represents a bibli graphy 
of more than 500 primary references and, depending on the 
compiler’s selectivity, from 1000 to 3000 other titles—,) 
on pivots and jewels of precision instruments. By this we 
mean that these are reports of research always aimed at the 
further refinements of high-sensitivity laboratory instry. 
ments, while on the other hand a scant half-hundred brief 
articles reported all the original research that was devoted 
specifically to the pivots and bearings of industrial service 
instruments subject to rough usage—to what nearly all of 
us authors, through force of habit, still term “abuse.” 

At first glance, this ratio of 500 to 50, or of 3000 to fewe, 
than 50, justified the inference that research has been woe- 
fully misdirected. Caution dictated taking closer looks 
before making this accusation.* It seems that no single 
group can be blamed for not numbering a prophet? in its 
ranks. Admirably thorough research was done on what now 
seems a minor case but was then of real practical impor- 
tance; the specific problem of the precision electrical |ab- 
oratory instrument with vertical shaft.5 The revolution is 

(1) Or in the form of articles in technical magazines whos 
scopes cut across the boundaries of the distinct engineering fields 

(2) Certain nationally-consolidated figures to which a write 
can have access in Washington are not for publication and wer 
compiled for other purposes. For example, figures on types of in- 
struments for the Armed Forces have their classifications base 
on other things than designs or materials of pivots and bearings, 
Similarly, the obtainable sales and shipment figures from a few 
suppliers of raw and finished materials of specific interest threw 
little light on the actual totals or proportions of instruments em- 
ploying various types of pivots and bearings destined for the 
Armed Forces: A recent sudden increase, in the demand for on 
product might mean building up supplies of spares because the 
item does not stand up; or it might mean that the item has been 
found superior and is being ordered in quantities to replace one 
that has proved inferior. Nevertheless, although a quantitative 
report must be postponed, the qualitative analysis made possible 
prove beyond doubt that the revolution is well under way. 

(3) It has been edifying to glance through some thirty of the 
books and articles—those that were at hand, but a representative 
sample because they did not merely happen to be at hand, One 
finding (expected, of cqurse) was that the ratio is the average fo! 
the entire half century and has not been constant: in the last 
decade, between a fourth and a half of the published resear 
took account of severe service conditions. Another finding was that 
most “purely laboratory” research projects before the 1930's con- 
tributed indirectly to the betterment of “service” pivots and jewels 
Another unexpected finding was that even when the research 
was for the laboratory applications, many of the authors wert 
evidently conscious of severe service conditions. In general 
thors reporting their own latest work were too brief and t! 
preparing correlations of data discussed the imprications. 

(4) Only a prophet could have foreseen an airplane equipped 
with a hundred instruments, or a mobile television transmitt 
or a pocket exposure meter, or any of the dozens of different 
portable testing outfits with several indicators on the panel-board, 
or, for that matter, the modern panel-boards serving hundred 
different purposes but all subject to vibration. 

(5) In English, German, French and American technical 
nals there were numerous articles on the value of the torque- 
weight ratio and later on the value of the exponent in the 
alized torque-weight equation; on the causes of variations 
coefficients of starting friction; on pivot-point and jewel-bott 
diameters to obtain optimal normal-load contact area; for 
for effect of pivot-point deformation on friction torque; et 
These problems engaged the attention of such authorit 
Brooks, Stott, Keinath, MacGahan, Edgcumbe, Goss, Stick! 
Carson and many others. The classic in this field is Verney 5' 
“An Investigation of Problems Relating To the Use of Pivot 
Jewels in Instruments and Meters,” National Physical Labor 
(Teddington, England), 1931 
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2. Pivots 

i) Steel 

The physical properties of various steels are too well 
own to need summarization or comment here. Of the 
bnctional characteristics as a pivot material, corrodibility 
the worst but it seems that some authorities think it can 
> cured or greatly reduced by “a high degree of polish.’’* 
sttle is known of the effect of polishing on “micro-elastic- 
y"—the elastic deformation characteristics which deter- 
‘ine contact area under load, though it is known that 
lishing raises surface temperatures momentarily to above 
00°F. It may be said that the “extreme radicals” of this 
volution are the ones who want to do away altogether 
ith steel pivots. At present, on a numerical basis, hard- 
ed high-carbon steel pivots still predominate and are still 
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ecified but “substitutes” are allowed in an ever-increasing 
roportion of the specifications. Steel pivots are not used 
numerous aircraft applications, in some vitally impor- 
ant Navy applications and in some interesting Ground 


Milena De : orees applications including secret detection devices. 
'ruments em- [%b) Non-corrosive Alloys. 

rae al These are alloys of rare metals of the platinum group 
because the (_Platinum, rhodium, palladium, osmium, iridium and 
em has been Jguthenium) in which osmium is believed to predominate. 
replace on: he pivot “blanks” or “pellets” are produced by sintering. 
pts dvances in powder metallurgy, plus special research by 
- e pivot manufacturers, have made possible fairly close 
hirty of the (eomttol of the desired properties and the elimination or 
resentative [plnimization of undesired characteristics. 

t hand, “ For further details we quote spokesmen for the two man- 
average for 
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ifacturers who at this writing dominate the field of non- 
orrosive alloy pivots: 

“Permo” or “Permometal” Alloy. “The results of stand- 
rd vibration tests, frequency of 1800 cycles per second 
vith an amplitude of approximately 0.020” are as follows: 
Radius 0.002”, microscopic inspection shows no wear after 

















reneral, 00 hours. Radius 0.00075”, slight wear at 50 hours. Com- 
— those pared to steel pivots on dry tests Permopivots give at least 
ons. ™ . - ‘ is 
; wenty-five times longer life. Permometal is non-ductile. 
le equipped A . . . . . 
<li = fter alloying, it is broken and sized into small pellets. 
- eee t . ° - 
of different roduction requires welding of the Permometal pellets to 
anel-board, [§# Suitable shank material—magnetic or non-magnetic—fol- 
undreds of —a 
(6) Unbelievable? Verified beyond doubt by ground crews re- 
nical ! porting cracked dial glasses and many a brave airman confessing 
he torqué ‘Yeah I know better but when I've got to have an exact reading 
the 1 ! I can't help giving ’er a little tap just to make sure she isn’t 
“al the Sticking. You’d do the same when the game is for keeps!” An 
wel-bottor il pressure gage can take it but it never has to: the more sensi- 
formulas ve the indicator—and hence usually the slower—the more it 
ee gets kicked. 
oritic s (7) The latest War Standard on instruments (C39.2) requires 
Stic that “All metal parts shall be of corrosion-resisting material or of 


ney Stott's 
Pivots 
abor 


4 mate rial treated in an approved manner to render it adequatel) 
resistant to corrosion,” but adds that “A high degree of polish 
on hardened steel pivots will be considered as satisfactory pro- 
tection of these parts.” 
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MOELLER MERCURY THERMOMETERS 
Made with "Moeller Glass Red Reading 


Column," making them easy to read 
under varying light conditions, at a con- 
siderable distance and over a wide range. 
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35.8.4 
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MOELLER DIAL THERMOM- 
ETERS. Made in various 
scale ranges up to |000°F. 
or equivalent. Metal and 
Phenolite cases. 





MOELLER 
RECORDING 
THERMOMETERS 


Furnished in vari- 
ous ranges up to 
1000°F. or equiv- 
alent. Round or 
square cases. 








Also HYGROMETERS 
RECORDING PSYCHROMETERS 
BAROMETERS HYDROMETERS 
MARINE INSTRUMENTS, ETC. 


Write for catalog. 
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INSTRUMENT COMPANY 


{32nd STREET and 89th AVENUE 
RICHMOND HILL NEW YORK 
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As handy to install as the 
usual metal-can electro- 
lytic. And just as compact. 
600 to 1500 v. D.C.W. 
5 to 4 mfd. 


@ Something mew has been added to this long-popular 


Aerovox “10” series Hyvol capacitor. Note the double 
terminals—spaced on the stepped bakelite threaded 
terminal post. This means the can of this handy in- 
verted-screw-mounting capacitor is now insulated or 
“floating”. No longer is an insulator washer required 
when non-grounded mounting on a metal chassis is de- 
sired. 

This handy, compact oil-filled capacitor is typical of the 
wide selection of Aerovox capacitors to meet every in- 
strument-building and application requirement. Write 
for latest literature. 


EROVOX 


INDIVIDUALLY 
TESTED 


TION, NEW BEDFORD, MAS‘ 


Canada: AEROVOX CANADA LTD. HamiLton, Ont 
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lowed by grinding and polishing to specifications, This 
a skilled operation perfected by thirteen years of exper 
ence.”§ “We are often asked ‘What is the hardness , 
Permo Alloy?’ Hardness is usually given in Bringl , 
Rockwell numbers which expresses the metal’; resistang 
to deformation, but does not necessarily give a true inj 
cation of its resistance to wear. Take for instanee, ty 
phonograph needles, one of steel and one tipped with Pery 
Alloy of approximately the same Rockwell ha: inesgs, aa 
we will find the ratio of wear to be of a magnitude of 1 py 
to one. . . . Steel, or similar material, .. . gradually by, 
away. Permo Alloy, ... with a fusion point of ove, 4000°F 
is merely rendered semi-plastic which enables the point ; 
take an extremely high polish. This . . . is of the utmos 
importance in instrument pivots where an accumulation , 
the products of wear (rust) in the bearing wil! cause g 
increase in friction.”® 

“Paraloy” and “Permium” Alloys as Used in “A, ropoint 
Pivots. “The Paraloy group of alloys, including Permiy 
and Permette, are available in various forms, . . . Usually 
requirement is smootness and anti-friction. The componen, 

. combined to provide an improved alloy which requirg 
no lubrication and in which the molecular structure is hom 
geneously heterogeneous . . . controlled in manufacture , 
that . . . alloy is produced whose microstructure has . . 
the same polyhedric structure in any direction. Permiy 
alloy eliminates micro cracks which occur in most alloy 
and metals due to the crystalline formation on cooling, ,. 


no soft binders are used, .. . thus eliminating the possibilit—imwr 


of the wearing away of finite particle sizes. . . . The binde 
in Permium sintered alloys is of precious metals and ; 
carefully selected for each series of alloy designed for sp. 
cific applications. . . . Physical properties (of one type sf 
Permium) ... Rockwell ‘C’ hardness 60 to 65. Mohs han 
ness 7.5. Melting point 2750°C. . . . surface becomes ‘supe 
smooth’ when working under load .. . resistance to abra. 
sion ... wear resistance even when working with dust o 
abrasive particles present. . . . Corrosion-proof . . . inert 
to acid or alkaline solutions to as much as 20%.... Anti- 
friction instrument application a pivot tipped with 
Permium ... gave a 50% decrease in friction over steel. , 
In aircraft instruments . .. no increase in friction afte 
abuse tests designed to excessively wear the tip.” !° 


3. Jewel Bearing Materials 

(a) Diamond 

Diamond is the hardest material known to man. Its wear 
resistance and abrasion resistance are also the highest 
Though not insoluble, it is not injured by such acid or alka- 
line drops of atmospheric condensation as may form inside 
an instrument case in tropical climates. It is polished by 
diamond dust and this process may be carried on with finer 
and finer dust until the roughness is so small that the pen 
of a high-amplification smoothness recorder draws a smooth 
line. In other words it is practically “perfectly” smooth al- 
though the polished surface of any crystalline material is 
rougher than that of some amorphous frozen substances 
In nature, diamonds occur as single crystals. The structur 
is cubic. When a surface is not a crystal plane, scratches 
and cracks are jagged and, even when microscopic, damage 
smooth metal surfaces more quickly than could simila! 
irregularities in the surface of any other material 
Although diamond is the most durable bearing material, 
it cannot be said to be the best. 


(b) Natural Sapphire and Ruby 


These natural forms of corundum are second to diamon 
on the Mohs hardness scale. On the various scientific scale: 
their hardness “number” is likewise “close” to that of dia- 
mond. It is not amiss to mention that there is no such single 
property as “hardness.” Various measures of various hard 


Povens 


(8) From leaflet issued by Permo Products Corp., 641: 
wood Ave., Chicago, IIL. 

(9) W. H. Falck. “What Is An Instrument Pivot?” Thé 
ment Maker, Vol. 9. Nov.-Dec. 1941, page 6. 

(10) From bulletin issued by The Paraloy Co., 600 Sout 
gan Ave., Chicago, IIL, and in small part from a priv: 
munication from its Chief Engineer and General Managt 
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obtained by some twenty different methods de- 
eloped b; mineralogists, metallurgists, physicists and other 
vestigators: scratch, indentation, penetration, grinding, 
shound, etc., ete. Most methods agree in assigning to co- 
ndum second place in all these and also in methods for 
stermining wear resistance, abrasion resistance, local im- 
act strength, ete. Sapphires polished by diamond dust take 
“perfectly” smooth finish. Cracks, etc., abrade metal pivots 
Imost as rapidly as do cracks in diamond. 


¢) Synthetic Sapphires 

Like the natural corundum, these are next to diamond 
n the Mohs scale, but it is claimed that the new synthetics 
made for instruments are among the hardest of all types 
f synthetic or natural corundum. “White sapphires, which 
re the desired industrial product, are crystal-clear, being 
pure aluminum oxide (Al203). To facilitate cutting, each 
ule is split longitudinally before shipment. This opera- 
ion releases locked-up stresses and assures that the ma- 
erial acquires its normal good resistance to shock.”1!! 
Production was reported last November to have reached a 
lume sufficient to satisfy the war demands of all the 
United Nations. 

Because diamond and various types of corundum are 
extremely hard, the shaping of the vee cavity is a difficult 
pperation. A certain instrument factory is reputed to be 
the home of the most zealous advocates of sapphire against 
ew materials, but it was one of the engineers there who 
vrote: “A visual inspection will show equal and satisfactory 
polish on all important surfaces. Yet one instrument may 
show a frictional torque several times that of the other. 
This difference arises from differences in contours of pivot 
and jewel. In grinding sapphires, a perfect cavity contour 
is the exception rather than the rule. The contour of a 
jewel cavity can be readily determined by forcing a soft 
wax or lead point into it under pressure, and examining 
the resulting impression under high magnification. Such 
studies have been made covering many thousands of jewels, 
and no two cavities are ever found exactly alike. Both flank 
angle and cup radius vary considerably.” 

(d) Rare-metal Alloy 

“Permette” is one of the “Paraloy” group of corrosion- 

resistant rare-metal alloys, of which others were described 
under “Pivot Materials.” It is claimed!® to “offer heavy- 
duty bearings for heavier loads than sapphire or ceramics.” 
man. Its wear Its surface is said to become “‘super smooth” when worked 
» the highest under load. 
1 acid or alka- An obvious disadvantage of metal bearings is that they 
y form inside cannot be used as insulators. Their conductivity is immate- 
S polished by rial, however, non-electrical instruments and even in the 
on with finer majority of types of electrical instruments. 

that the pen 
aws a smooth 


” 


gses 2! 





















l in “A eropoing 
luding Permiy 
6 6.0 Usually J 
he componens 
| Which requirg 
ructure is hom 
manufacture y 
ucture has. 
ction. Permiyy 
in most alloy 
ON cooling, ,. 
g the possibilit, 
- +» The binde 
metals and ; 
signed for sp 
of one type of 
65. Mohs hard 
becomes ‘supe: 
tance to abral 
g with dust o 
roof . . . inert 
0%... 64 Anti, 
ot tipped with 
over steel, , .. 
friction after 
tip.”10 

























(e) Glass 
The heading should really be “glasses” because there are 


y’ smooth al- . ; Ae 

a alti i several, but the different compositions have not been made 
: oie public, so that “instrument-jewel glass” would seem to be 
The eat a satisfactory generic designation despite the avoidance of 


the word “glass” in the longest technical-journal article!2 
on this subject. Although mass production did not get into 
full swing until 1941, many millions (we must not be too 
specific) of glass bearings are already in use. On the whole 
they are fulfilling the claims made by spokesmen for the 
two instrument companies which pioneered in this field. 
So much has been published in the technical press on these 
new glass bearings that relatively brief abstracts (not 
| to diamon¢ J word-for-word quotations) can suffice: 

entific scales “An instrument jewel and pivot function codperatively. 
that of dis- The hardened steel pivot is slightly harder, and hence the 
» such singe glass bearing is subject to failure first. A pivot used with 
arious hard sapphire is much the softer of the two parts, and hence is 


ne, scratches 
opic, damage 
Ould similar 
er material, 
ng material, 


6415 Ravens @ SUDJect to failure. Functionally, there is a slight practical 
’ The Instrv- y a Anon, “Domestic Synthetic Sapphires.” The Instrument 
ae = Vol. 10, Nov.-Dec. 1942, page 10. (Describes new develop- 
South Michi- Lael by The Linde Air Products Co.). 
private com A K, McCune and J. H. Goss (General Electric Co.). 
ba k New Jewel for Indicating Instruments.” Transactions A.I.E.E., 
ol 61, Sept. 1942, pages 6738-676. 
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@ It's valuable because it’s so versatile — this 
self-starting, synchronous Telechron motor. It 
helps meet the scarcity of skilled labor by mak- 
ing manual operations automatic. Instrument 
makers have adapted it to virtually every war 
industry. 


® Sturdy, accurate Telechron motors are doing 
all kinds of timing, controlling and recording for 
the Army, the Navy and Merchant Marine, plus 
innumerable jobs in these varied fields: 


RUBBER POWER 
CHEMICAL PLASTIC 
METAL TEXTILE 
AVIATION TELEPHONE 
PETROLEUM 


® Telechron motors are available from 12 to 
250 volts—from 1 to 1800 RPM—and can 
easily be adapted to most industrial processes 
where timing, cycling or controlling is a factor. 


© If you're scratching your head over some 
operation that even remotely might be handled 
by our motor, get in touch with us. Chances are, 
we've run into some similar problem before and 
our experience will be useful to you. Let’s get 

, together and get on with our 
» ' mutual job of winning the war — 
' and the peace! 


WARREN TELECHRON COMPANY 
ASHLAND * MASSACHUSETTS 
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BETTER INSTRUMENTATION 


4 


THRU J => 
Aeropoinr 


TRADE Marx 


“The Invisible Guardian” of dependable, precise 
instrumentation. Aeropoint Pivots will remain more 
accurate longer because they are not affected by 
vibration, heat, cold, moisture, magnetism, corrosion. 
Welded tips often simplify designs and assembly. 
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If You are Interested in 


MEASURING WEAR 
ON METALLIC SURFACES 


With a Sensitivity of 
15 Millionths of an Inch 


And Doing It Faster Than 
By Any Other Method 


Use the 


McKEE WEAR GAGE 


* 


For Complete Information 
Write for Bulletin D-2109 


AMERICAN INSTRUMENT 60. 
Silver Spring, Maryland 
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advantage in having the jewel fail first, becaus 
easily replaceable in the field than is the pivot. 

“Glass bearings have the advantage over s phire »: 
that their cavities are controllable as to size e 
Glass properly handled requires no polishing—an oper; 
tion to be avoided due to rouge left in minut ereviee 
Glass does not wear down the pivot, thus preve; ting th 
movement from becoming ‘loose in the jewels.’ G aie tel 
not tend to produce iron oxide or rust in the bearing cayjs, 

“It is not conceded that one gram is the maximum sal 
missible weight of moving systems to be used with glass 
jewels as it is expected that further study of the lary, 
size bearings will result in equally satisfactory results” 


1S Mor 


a Shape 


“Substitute for sapphire . . . by quantity production of, 
hot-formed vee jewel with characteristics superior to those 
previously available. The requirements . (1) An almog 
perfect geometrical shape and one that can be controlled 
within narrow limits on large scale production. (2) Smoot 
surface and low coefficient of friction to hardened stee| 
alloy. (3) High impact strength. (4) Satisfactory life unde 
conditions of vibration; should be at least comparable with 
sapphire. (5) Quantity production with due regard to eq. 
nomics of situation... . / A thorough investigation of recent 
progress in high-strength glasses led to process of hot. 
forming one of the modern materials as the best answer.. 
The following tests were made: (1) Impact resistance, (9) 
Wear after a million pointer oscillations. (3) Wear in ip. 
struments under conditions of vibration. (4) Coefficient of 
friction using high-carbon steel pivots. (5) Actual impact 
tests in instruments.” [Test results, given in tables and 
graphs, show glass bearings superior on the whole for th 
miniature instruments used in tests. Most conclusive find 
ing seems to be summary of results of two-stage tests 
vibration tests followed by friction tests.]14 


4. Non-interchangeability 

The situation justifies the prefix “non.” This is natura 
because of lack of national standardization in this field 
and because of the physical properties of new materials— 
not only as these properties affect dimensioning for best 
performance but as they affect dimensioning for mass pro- 
duction. It may well be that the three or four major cate- 
gories of materials will each have its own dimensions and 
contours, thereby making difficult the replacement of a sap- 
phire bearing, for example, by a glass bearing which at 
present has a diameter some 50% larger and therefore re 
quires a larger jewel screw. This in turn necessitates ream- 
ing and re-tapping the bearing supports, using larger lock- 
nuts and spring washers, enlarging the hole in the zero at- 
juster, etc. 

Glass bearings have been standardized by a WPB Sub- 
committee but the Standard is not yet in print at this writ 
ing. It will standardize sizes, tolerances, master gages, in- 
spections, finishes, polishes, etc. 


5. Rolling-contact Bearings 
Of the various types and numerous forms of rolling-cor- 
tact bearings used successfully in machinery, only the ball 
type is manufactured especially!5 for instrument applica- 
tions. It has already been discussed in a general way 10 


Section III. 

Radial miniature ball bearings, for constantly-rotating 
instrument shafts, were the first to appear. The specia 
form for pivots was perfected between 1936 and 1941 and its 
development is still under way. Only a month before this 
writing, there came in the mail an announcement!® of “the 
smallest ball bearing in the world, with an outside diameter 
(13) A. T. Williams (Weston Electrical Instrument 
“Glass Instrument Bearing Jewels.” The Instrument Make 
10, May-June 1942, pages 2, 4, 6, 8, 18. 

(14) J. H. Goss (General Electric Co.). “A New Jew 
Electric Instrument Bearings.” The Instrument Maker, \ 
July-Aug. 1942, pages 2, 4, 6, 8. 

(15) “Especially’—for it is true that roller bearings 
smallest sizes made by Norma-Hoffman are used in som 
ments. 

(16) From Miniature Precision Bearings, Keene, N. H 
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is corer 
Pivot. ee pol This would make it about 0.03” O.D. and each 
Over sapphire j, f the three balls about 0.01”.) Pivot bearings are usually 
Size and shape esigned for 60° pivots. The number of balls varies from 
shing- &N Oper, in nc up, according to size. Balls are described by one man- 
rallye. facturer as “chrome grade 7” (no doubt chrome steel) 
wels.’ Clam a ith tolerance of 25 millionths of an inch, 

1e bearing nate Use of light instrument oil is recommended. Dry running 
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Maximum loads (thrust, radial and combined) are listed 
 yarious high running speeds. For speeds under 1000 
pm., these loads are of the order of ounces. 


V. THE IMMEDIATE FUTURE 


When it comes to predictions of things to come, one 
nan’s guess is no better than the next man’s—unless he 
tands on firm ground. The firmest ground is the witness- 
ng of the shaping up of events. In technology, events are 
argely shaped by needs. If we look around and take note 

f all the things that should be done, it becomes an easy 

rick to forecast some of the things that will be done. 

There is the need of a common language. Different work- 

rs use different terminologies, particularly in naming 
properties of materials and of parts made of those mate- 
rials. The names themselves do not matter much, except 
vhen they give rise to confusion between, for example, the 
man who makes a material and the man who uses it func- 
ionally. The brief broad dictionary definitions do not de- 

ne such terms as “wear resistance,” “impact strength,” 
“hardness,” “micro-hardness,” “elasticity” and “microelas- 
ticity” and even the engineering definitions in vogue in 
some other fields do not define them closely enough for this 
field. The immediate future should see the coining of good 
pecial-meaning names!7 and the formulation of definitions 

f such properties in quantitative terms. Agreement should 
soon be reached on the testing instruments and test pro- 
cedures whereby the degree to which a material possesses 
a given property can be reported as a number and a name.!§ 
The National Bureau of Standards, the ASTM and the 
ASA being only too eager to serve as meeting-grounds, 
something is sure to be done soon. 

Next will come the scientific correlation of physical prop- 
erties and, perhaps, some surprises: diamond—its very 
name now magical—might no longer rate tops. 

This will lead to classification of materials, their official 
designations, ete, etc., as in the steel producing and con- 
suming industries where “SAE” or “NES” followed by a 
numeral means a material with properties listed in read- 
ily-available references. Instrument people will not do it by 
themselves; they will be represented on central committees. 





(17) In the same detailed manner as G. W. Scott-Blair at the 
University of Reading has done for the essential rheological prop- 
erties: “1, Viscosity ; 2. Elasticity (since Poisson’s ratio is taken 
is 0.5 throughout, only one modulus, the shear modulus, is con- 
sidered) ; 3. Elastic fore- and after-effects and hysteresis; 4. Fall 
in viscosity with rising stress (‘structural viscosity”) ; 5. Tendency 
ff material to show a yield value, i. e. sharpness of curvature of 
viscosity-stress curve; 6. Fall in viscosity or consistency produced 
by shearing (a) non-recoverable, and (b) recoverable in finite 
time (thixotropy, false body) ; 7. Hardening produced by shearing 
(work- or strain-hardening) ; 8. Rupture properties.” Needless to 
idd, this basic list is only the beginning for “Viscosity” and 
thers, 

(18) In the manner which has proved so satisfactory in actual 
practice in the field of hardness measurements where we have not 
nly “Brinell,’ “Rockwell,” “Diamond Pyramid,” ‘“Monotron,”’ 
Herbert,” “Vickers,” etc., each meaning a class of testing instru- 
ments, but even divisions such as “Rockwell Superficial” and 
Subdivisions such as “Rockwell Superficial 45-N Scale’’—every 
Prion being preceded or followed by the scale reading obtained as 
‘he result of a standard test procedure. All these, by the way, 
refer only to the penetration class of hardnesses—none refers to 
the various -wear-resistance and abrasion-resistance classes and 


type nd varieties of hardnesses! 
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STANDARD ELECTRIC 


TEST PANELS 


With Standard Electric Test Panels on the job 
in your plant, hard-driven motors and genera- 
tors that have failed under heavy load or con- 
tinuous service can be speedily tested for 
prompt and necessary repair. Standard Panels, 
in suitable sizes, bench or wall types, engineered 
to individual plant needs are serving American 
industry today in this and numerous other 
capacities including electrical control and labor- 
atory research. We also design and manufac- 
ture precision time measuring instruments 
applicable to a great variety of industrial needs. 
Write us regarding your problems. Address 
Dept. I-5 


THE STANDARD 
ELECTRIC TIME CO. 


Specialists in this Line 
SPRINGFIELD, MASSACHUSETTS 
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PERMOPIVOTS 


LONG LIFE PRECISION PIVOTS 


PERMOPIVOTS:’ are tipped with PERMOMETAL’ ...aspecial alloy of precious metals 
developed in Permo's own metallurgical laboratories. Permopivots are remarkably 
wear resistant. They keep precision instruments accurate longer. Permopivots can- 
not rust or corrode. The satin-smooth Permo metal tip eliminates abrading particles of 
wear. The extremely low coefficient of friction with Permopivots often makes it pos- 


sible to eliminate the use of oil. Trade Mark Reg. 


PERMO PRODUCTS CORPORATION 
6423 Ravenswood Ave. Chicago, Illinois 


WRITE FOR FULL INFORMATION 


L&R Precision Cleaning Machines 
and Cleaning and Rinsing Solutions 


100 INDUSTRIES for instruments 
Results are uniformly 


Used by more than 
earing weis, et 


nomical. ag for illustrated 





ngineers will help you 


LER MANUFACTURING COMPANY 


54-56 CLINTON STREET + Dept. AA + NEWARK, NEW JERSEY 
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The need existing, it is safe to predict moc rnize 
i . * 1 Zaty 
and standardization of tests for performance cha) cteristi 
of parts (as distinguished from properties of ma erials) 7 
Same for performance tests of assemblies. Tests oy vibr; 
‘ ss 1 VlDrad 
tionless laboratory benches will be supplemented or - 
placed by tests on vibration tables, as severa] engineer 
have already mentioned in their reports on glass fowl 
alloy pivots, ete, 8, 10, 12, 13, 14 cise 

There is need for standardization of shapes and sizes 
Since the conventional design is so widely used jy nal 
electrical aircraft instruments as well as in its native hab 
itat, and since the WPB is concerned, some of the items 
made in the largest quantities may already have been stand 
ardized to some extent by the time this article is sufficiens), 
whipped up to be sent to the printer. } 

Simplification being a crying need, it is sure to come. 

Experimentation with new materials is not “coming” { 
it has long been with us. What is coming is daring experi. 
mentation. 

The same for experimentation with new designs and aly 
with old designs from the horological hall of fame: for ey. 
ample the combination of a ring jewel and a flat (or slight. 
ly convex) jewel.19 Watchmakers call it an “end stone,” 

The immediate future will certainly see definite (an; 
definitive) quantitative answers to some phases of th 
eternal optimal-contact-area question emerging from th 
haze of speculation into the sphere of practicality as a re 
sult of the recent almost-simultaneous publication of an ey. 
traordinary number of papers on frictional phenomena, nore 
rehashing old stuff, all contributing to clarification of ideas, 
some announcing “discoveries” rather than routine “find. 
ings,” and some of these discoveries staggering many of ys 
out of our smug reliance on classic formulas, particularly iy 
the field of greatest interest, that of loadings involving unit 
stresses close to yield points, where the hypotheses of inter-] 
penetration and the influence of bulk properties have be 
come facts supported by startling photographs taken by 
radically new techniques recalling the motto “The difficult 
we do today; the impossible takes a little longer” (or words 
to that effect). 

The immediate future should see the appearance of bea: 
ings with a safety-factor design or dual-purpose design 
“dangerously” low friction at normal loads, but absorptior 
of shocks by other parts. In machines the analogous problem 
has been solved but the designs are too complicated for mini- 
ature reproductions in mass-production instruments. Th: 
solution will be as simple as the protected-diaphragm pres- 
sure gage but with the requisite dashpot function of the 
machinery protectors to prevent rattling. 

Finally, it is safe to predict that the recognition of co 
tinued vibration as an ever-present condition will lessen 
the worry over starting friction. Starting friction is what 
makes us use filamentary suspensions instead of pivots fo 
the coils of laboratory galvanometers but it certainly plays 
little part in the performance of the indicators in a tank or 
corvette. In fact, we’ll make a new blessing out of an old 
evil by using designs and materials for low running frictio! 
however high their stiction on the vibrationless laborator) 
bench. In horizontal-shaft indicators, the rust-particle ané 
jewel-grit accumulation bugaboo is minimized by vibration 


PART TWO (FOR MAINTENANCE PERSONNEL) 
VI. First STEPS—CLEANING AND INSPECTING 


The remainder of this article consists of practical notes 
on the field repair or replacement of instrument pivots an¢ 
bearings. These notes have been compiled for users wh 
lack the elaborate special equipment of instrument-company 
repair departments. It must be borne in mind, however, that 
pivot and bearing repair and replacement work requires é 


(19) With conventional-design’ pivots and bearings, seriou 
damage to both—at both ends of the shaft—results from excess!v' 
tightening, even momentary, when adjusting end play. Separatio 
of the thrust function by the use of two end stones would end thi 
cause of ruined pivots and bearings. 























ict mod (nizatigmgh deg? f skill. The notes which follow are not meant 

ce cha) cteristic « perso! without any experience in watchmaking or | 
Of ma erials). milar fir benchwork. Such persons, if assigned to the | 
8. Tests on Vibes ») of repairing pivots and bearings, should first read up 

slemented oy - y good vatchmaking manual and give themselves some | 
evera! engine relimin practice. Moreover, these notes are for — 
on glass jewek ‘nnel of instrument repair shops with at least the mini- | 





um equi] 
pe or 





suivalent is one of the essentials. As in many 
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The following notes are for the information and guidance 








f personne 
, personne ? A 
f the procedures described may already be covered in some 
echnical Manuals or Training Manuals. This is the first 
+t of notes of its kind and the writer offers it as a source 
}r the preparation of special TM’s. 

Although pivot and bearing troubles are the commonest, 
is wrong to assume that all instruments received at your 
op need new pivots and jewels. Time is too precious to 
» a complete job on all instruments. Even a tag marked 
Pp & J” probably represents a guess rather than a valid 
nelusion. On the other hand, in every shop where dam- 
ved pivots or bearings are found in a large proportion of 
struments received, it would be well to make it a standard 
putine that every time an instrument (even a fairly new 
ne) is opened up for any reason, a few minutes should be 
evoted to carefully inspecting its pivot points and its 
earings. It should always be borne in mind that micro- 
opic damage to ordinary pivot points begins almost at the 
oment that an instrument is shipped out of the factory. 
f a new instrument in its original wrapping has been 
ropped before being installed, the injury to its pivots may 
e worse than the result of years of normal use. 

In order to inspect pivots and bearings, there are three 
sentials : 

(1) Cleanliness—no film or anything else that may con- 
eal defects; 

(2) Good light and adequate optical magnification; 

(8) Eyes that understand what they see. 


arance of bear- 1. Cleaning 

urpose design: In the U. S. and in the larger bases overseas, instrument 
but absorptiongmvashing machines are available. These machines have 
logous problemgreached a high state of development. Their efficiency, how- 
cated for mini-gever, depends on their being used in accordance with divrec- 
truments. Thegtions. Of particular importance is the correct sequence of 
aphragm pres- 
unction of the 
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ended trade-name solutions are not available, only ap- 
proved substitutes should be used. In the absence of instru- 
ment washing machines, or if the supply of special liquids 
as run out, pivots and jewel bearings may be cleaned with 
ie use of various pure alcohols, ethers, etc., approved by 


rnition of con- 
on will lessen 
iction is what 
| of pivots for 
ertainly plays 
's in a tank or 
out of an old 
nning friction, 
ess laboratory 
t-particle and 
by vibration 


lectrical instrument coils! 

Absorbent cotton fresh from the package is the best rub- 
bing agent. If not available, use a bit of soft cloth which 
8 not only clean but free from invisible gritty dust. 

For cleaning the vee cavities, the cotton may be wrapped 
bn the tip of a slender sliver of soft wood. Some experi- 
enced workers twirl the wood in direct contact with the 
bottom of the vee and assert that this does not cause dam- 
age if done with skill. Never use a metal point: even a 
brass pin which is much softer than gems or glass may 
ause cracks in a smooth jewel surface and certainly will 
tnlarge any cracks that are present. Up to a few years ago 
t was common practice in some shops to search for cracks 
with a sewing needle but today it is known that a needle 
an scratch even the hardest substance, namely diamond. 
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probably be invisible when first made but they will develop 
into real defects. 


2. Inspecting Pivot Points 
A magnifying glass of about 5-power, or a jeweler’s loupe, 
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nation includes not only a good diffused lighting (no 


| in civilian industries; and for the information | 
1 in the Armed Forces, whose guidance in some 


nent of mobile units: a bench lathe of jeweler’s | 


lines of work, only an extraordinary degree of skill | 





e prescribed washing and rinsing solutions. If the recom- | 


e watchmaking trades. But keep such solvents away from | 


A good jewel will be injured by a needle: the scratches will | 


is needed even by the keenest-eyed workers. The ideal illu- | 
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In 1564-1642 GAL Ilé 0 a 


. . . discovered that the path of a projectile 
is a parabola. 





Timing the oscillations of a 
swinging lamp by means of his _ 
pulse beats, he discovered the 
isochronism of the pendulum. 


At the Leaning Tower: of Pisa 

_ he found that bodies of different 

weights fall with the same 
ak velocity. ; 





Scientific instruments are avail- 
able for all kinds of measure- 
ments. In the manometer field, 
one of the most popular is the 


MERIAM 


MODEL A-203 

WELL-TYPE MANOMETER 

Ss This is a direct reading instrument 
which permits taking accurate pressure, 
vacuum and differential readings directly 
from the scale, without adding the dis- 
tances above and below reference zero as 
with the conventional U-type manometer. 
This Model A-203 is for line pressures up 
to 250 Ibs. per sq. in. It is available in 
either wall, table, or panel mounting 
styles in ranges from 30" to 100". 








Tight fitting glass cover on the front keeps 
out dust and dirt, assuring clear visibility 
at all times.. The scale extends the full 
width across the channel body behind the 
Pyrex tube and can be easily adjusted for 
scale zero. Write for Bulletin B. 


THE MERIAM COMPANY 


1971 West 112th St., Cleveland, O. 


MERIAM 


* 


MANOMETERS, METERS AND GAUGES FOR THE ACCURATE MEASUREMENT 
OF PRESSURES, VACUUMS AND FLOWS OF LIQUIDS AND GASES 
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May 


EVERY DAY we are shipping these precision pres- 
sure gauges to be used in place of dead weight 
testers. They are accurate, dependable and easy 
to read. Delivery—2 to 6 weeks. 


RANGE FROM 0-60 Ibs. to 0-10,000 Ibs 
12” Dial 


N COLLABORATION WITH THE A. H. EMERY COMPANY 


MAKES ACCURATE 
FLUE GAS TESTS 
EASY 


te 


The Fyrite ‘‘Orsat’’ Analyzer is an 
outstanding example of modern 
instrument design. Accuracy with- 
in ¥% of 1% CO 2. Complete analy- 
sis in 40 seconds. Conveniently 
held in the hand while analysis is 
taken. Spill-proof in any position. 
Rugged, durable, compact. More 
than 7000 in use. 








RETURN COUPON BELOW. Ob:ain new bulle- 
tin on FYRITE and learn how to get im- 


mediate delivery under priority regulations. 





SEND BUL. 338 on FYR/TE “ORSAT” 
-BO competere 


WITH INDUSTRiaL 
TYPE FLUE FILTER 


BACHARACH 


Industrial Instrument Co 





Nome 





Address 





TTSBURG : City 
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unshaded ceiling bulbs to reflect a confusine 
the ball point) but also one “point source” of | 
a frosted bulb. In a pinch, the single point so 
but it is hard on the eyes. The pivot is inspected by ty: 
ing it on its axis and by slowly turning its axis ind 
to side. Thus, defects which are too small to be See : 
rectly will show up as momentary variations i; the me 
ent strength of the reflected frosted bulb. Do not twirl 4 
pivot too fast, as a defect which obscures or alter 4 
image of the bulb for less than 1/10 second ail 
detected. 

The foregoing is for minimal-equipment shops: jy ¢, 
provided with a microscope, that useful instrument will 
course be used instead of a loupe. 

Beginners may be trained quickly ‘by giving them, fir 
a pivot with a flat spot on the ball point: this flat surty 
makes the image of the bulb larger and apparently brig 
er, even to the naked eye, than the point image reflec 
by a sphere. Next, give them a pivot with a crack not visi 
even under a 5X magnifying glass but large enough 
cut down appreciably the apparent strength of the 
flected light. | 

This inspection will not discover microscopic cracks, soy 
of which may be of such length that they would soon & 
velop into serious defects up to fractures, but a few yy 
ments’ polishing will take care of all microscopic crack 
To cure serious “flats,” nothing less than a thorough y 
shaping or re-pivoting job will do. (These jobs are describ 
in a later section.) 

Of interest to field workers, though written for personn 
in large utilities, is the following reprint* which the writd 
has received from Mr. Henry Paulson, President, Hen 
Paulson & Co. (watchmakers, jewelers, optician’s materialf 
etc.), Chicago: 


Pivots after a thorough cleaning should be examined under 
microscope having a magnification of about 40 diameters, % 
high a magnification leads to confusion. Defects are considep 
under five classes: 

(1) Pivots with ends slightly flat, but burnished, for which t 
treatment is a slight trimming by revolving at about 2,000 rp. 
and using a piece of Arkansas slip, followed by polishing wit 
Hubert blue emery paper, or equivalent, starting with grade 0 an 
finishing with grade 0000; 

(2) Pivots with flat ends, showing concentric rings; these a 
ground until concentric rings have been removed and polished 4 
above ; 

(3) Pivots unpolished and of bad shape, which are ground t 
shape and polished ; 

(4) Pivots with pitted ends, for which little can be done, 
pitting usually indicates unsuitable material ; 

(5) Pivots with cracks in a highly polished surface. The lattd 
indicates unsuitable :aterial, the high polish is due to extrusiof 
of metal forming a very thin skin which breaks away. The meta 
below is incapable of being polished by ordinary means. T) 
pivot point should be of hemispherical shape, and in no cas 
needle-sharp. The use of Diamantine or similar powders is nM 
recommended, owing to the risk of small particles being left 
the pivot and acting as an abrasive. 


pattern 
ight, Such 
irce Wil] 


Will not | 


3. Inspection and Grading of Jewel Bearings 

The following, though written for large utilities, is 9 
instructive that we cannot do better than include it.** 

“Three procedures are recommended and in each case thf 
jewel has to be carefully cleaned, as a very slight film ¢ 
grease or dust may obscure serious defects. 

“The first method requires a simple microscope with mag 
nification from 40 to 70 diameters. The microscope stag} 
should be fitted with a means for holding the jewel ¢ 
axially with the microscope and automatically position! 
it with the cup in focus. The jewel (a) (Figs. 1 and 2)! 
held below the microscope (6) in V-guides, so that it call 
be rotated and easily exchanged. The jewel is illuminate 
by a small 6-volt lamp, the light from which is reflect 
from a thin cover glass (c) carried by a universal moult 
ing. By tilting the cover glass and rotating the jewe!, ™ 
whole surface of the cup may be rapidly examined. 


*From Horological Journal, London, England. The artk 
journal, however, is from a longer article originally | 
Engineering, London, August 29, 1941. 

**This also is from the same source as the preceding 
from the Horological Journal. 
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“The second method uses a long-focus binocular micro- 
















































‘xXamined under 
) ee 7 npcope with magnification of 80 diameters. The jewel is held 
‘ts are considen{ii—y the fingers in its mount and illuminated by a 60-watt 
earl lamp in an anglepoise fitting. By focussing the image 
om ge Pp ‘Wt the lamp and then closing in very slightly, the surface 
»y polishing it the jewel shows up sharply. After short experience, the 
with grade 0 ammewel can be rotated and focussed by the fingers at all 
iis tiem ¢ ngles without touching the setting of the microscope. 
i and polished qt The third method also requires a long-focus microscope, 
imilar to that described above, but with the jewel (a) 
"h are ground lipped in a holder keeping it in focus while permitting easy 
ps eee otation (Fig. 8). Light from a 12-volt 25-watt lamp in the 
‘“Hhood (b) and fed by a small transformer, is focussed by a 
face. The latemondenser (c) and ground-glass diffuser (d) on to the 
due to extrusioiipring-clipped jewel by means of a piece of mirror glass 
fag ""e) set at nearly 45 deg. just outside the line of vision. 
and in no ca[This method shows up faults extremely well and is said to 
| pow rs is n@ifbe superior to any other procedure. 
es being left 
; ee ee 
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Fig. 3. Diagram showing the third method of examination, said 
to be superior to any other. Lamp is enclosed in hood (b). 








Why These Basic 
Principles of Micro Switch 


Design Assure You 


© Longer switch life than you will ever need 
¢ Absolutely precise and accurate repeat operation 
¢ 40 grams contact pressure—lightning-fast contact action 


The Micro Switch design incorporates features that provide desirable 
performance characteristics not generally found in snap-action 
switches ... The heat-treated beryllium-copper spring bends in the 
game direction as the operating plunger—no reverse bends—no 
“ailcan” action... gives longer switch life—accurate repeat action 
—increased contact pressure—lightning-fast action—millions of 
operations on minute movement and force differentials. It is the 
choice of design engineers for all types of sensitive instruments. 











The beryllium -copper spring is made 
in one piece. It is gauged to an accu- 
rate .008 5” thickness; has high resist- 
ance to fatigue. Ends of compres- 
sion members are finished to provide 
an extremely low friction bearing. 
Contact end of the spring is fitted 
with a riveted radius type contact 
of 99.95 % fine silver. It moves at a 
speed of 3/1000ths to 5/1000ths 
of a second with a rolling action 
and extremely high pressure. 





Short spring 
members piv- 

ot in patented 
V-grooves of 
this sturdy 
brass anchor. 
Note the spe- 





for use in aircraft. 





If you would like to know more about the 
Micro Switch, send for the two Handbook- 
Catalogs illustrated here—No. 60, which 
covers Micro Switches in general; and No. 
70 which deals with specific Micro Switches 


cial shape of these grooves, which 
to a minimum. 


reduces friction 


Stationary sr 
contact is | 
a flat inlay 
of 99.95 % 
fine silver. 
This con- 
struction 
assures 
ample over-load capacity and maxi- 
mum heat dissipation. 





a. 


Operating m 
plunger is a} 
highly polished | 
stainless steel 
pin imbedded | 
in an accurately | 
moulded star- 
shaped Bakelite 
head. Provides long over-surface 
path to live parts, thus insuring free- 
dom from electrical leakage. Plunget 
head cannot rotate within the hous’ 
ing, insuring against any variatio# 
in point of operation. 





r 





Micro Switch is a trade name indicating manufacture by Micro Switch Corporation 


MICRO (ws; SWITCH 


Manufactured in FREEPORT, Illinois, by Micro Switch Corporation 
Branches: 43 E. Ohio St., Chicago * 11 Park Place, New York City 
Sales and Engineering Offices: Boston » Hartford + Los Angeles 
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~ If your problem is ¢ 
Weight, or ¢ Size, or © 
Precise adjustments, or 
.* Tougher than ordinary | 
\electrical characteris- . 
ities, or * Mechanical t 
yequirements, or © Sub- © 
imersion type compo- ies 


‘nents, etc... . 
f 


eS 


a 


UTC is THE LOGICAL SOURCE 


[MAY WE ASSIST YOU? A nate to our Engineering Division 
bring a quick response ‘with details on units to ae 


H-B 
hydrom- 
eter scales are 
Taleihalel lelin amelale meter 
curely fastened with heat 
resisting cement. Breakage is 
minimized by the design and 
unit is easily cleaned. Sim- 
plicity of construction pér- 
mits prices within rea- 
olamcclaiale lr tiatel 
use. Write for 
Mlitisiselicte 
delielleye 


H-B INSTRUMENT COMPANY 


INCORPORATED 
2525 N. Broad St., Philadelphia, Pa. 


H-B THERMOMETERS 
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“Defects in used jewels consist in surface cra 
es and wear. 


“Surface cracks, (Figs. 4,5 and 6) when focu; sed, app 
as sharply defined lines on the surface; when more th 
one, they are parallel. A straight or curved appearance 4 
pends on the optical axis of the jewel. 7 

“Scratches (Fig. 7) may come from the origina! Polishing 
from debris or swarf impacted between pivot and foal 


“SS, Scrate) 


Fig. 4. Fig.6. 


E6314 ENGINEERING’ 
Figs. 4-9. Diagrams indicating the way in which jewel surfaces 
show deterioration. Figs. 4-6 show surface cracks, Fig. 7 scratches 
and Figs. 8 and 9 wear under low and high loads respectively, 


during transport; they differ from cracks, being less shar 
ly defined and showing no clearly marked direction. 
“Wear (Fig. 8) is found as a rounded area, approx 
mately in the center of the cup, when the meter has spen 
most of its life at no-load or or at low loads. In metey 
which have run for long periods at high-load the rounded 
areas may extend outwards up the side of the cup (Fig. 9) 
due to displacement of the rotor system at higher loads 
The deeper the wear, the sharper its boundaries. 
“After examination the jewels should be placed in thre 
grades: (1) those showing shallow central wear or scratch, 
es outside the possible working surface; (2) those capabld 
of being re-surfaced, including those with moderate central 
or extended wear or with slight scratches within the work 


| ing surface area; (3) rejected, i.e., jewels with major de 
| fects, surface cracks, deep central or extended wear, or 


deep scratches within working-surface area. The grading 
is a matter of experience; surface cracked jewels are useless 
as they stand. Minute fragments may break off from the 


| edges of the crack and, acting as an abrasive, cause rapid 
| destruction of the bearing. The proper grading in the case 
of wear is facilitated by investigating jewel and pivot be 


fore and after cleaning. Very flat pivots, or a large amount 
of oxide indicates considerable wear, making a successful re- 


| conditioning doubtful. 


“Views differ as to the desirability of retaining jewels and 


| pivots in pairs. Some consider this inconvenient and unnec- 


essary as long as the radius of curvature is about 1 to 4. 


| The Meter Technical Committee consider it desirable to 


keep the components paired if the jewel is in the first grade 
and acceptable for re-use, the same applies for the 2 and 3 


| grade, until the re-conditioning of the jewel has been de 


cided.” 
In the foregoing reprint, the importance which the Eng: 
lish instrument users attach to grading jewels is of special 


{End of quotation from Horological Journ 


| interest because no American organization has ever issued 
| such detailed instructions. Soon after the outbreak of war 
| in 1939, England faced an alarming shortage of jewels be 


cause her supply (from Switzerland) was cut off. At the 


| same time, modern warfare meant an enormously increased 
| production (and destruction) of instruments. That is why 
| English industrial and military repair shops must salvage 
| a greater proportion of unserviceable jewels than we do al 
| present. That is why the foregoing reprint, representing ® 
| considerable amount of thought and research, is worth ou! 


studying. 

A microscope is necessary not only for grading jewels 
into a number of grades but for determining which jewels 
should be replaced—the chief purpose of field inspection 

















bt every i nstrument repair shop is equipped with a high- 
ade microscope, but many of those not so equipped are 
ated near a laboratory where microscopes are not in con- 
ant use. (ndustrial instrument departments can make ar- 
2 with plant laboratories; Army and Navy base 
base hospitals. To save trips, substitute good 


aCe cra, 
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“SHORTING” Switches 
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ops with " 
= » all those removed and take the removed jewels at This is th ; As th 
 OTiginal polio: wels for al 4 | is is the shorting type. As the 
4! Dolishi @Eeckly or other regular intervals to the laboratory or | alien ti 













pspital. . ~ : 
a ‘ewels seldom split or crack and Figs. 4 to 9 are A, ee 
ot all ap] licable. The nature of the commonest injury due poms are 's ged). 


pact is a “surface pulverization of the outer film, 
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hich leaves a tiny rough spot.” This spot is usually un- = 
istakable because it is white. 


In American instrument factories the preferred instru- "“NON-SHORTING” 
Switches 

























































rent for jewel inspection is the binocular microscope. If the 
nlume of work permits the investment, it should be added. 
Even through the simple “shop microscope” that should 
» in every shop, trained eyes can detect and classify jewel 
fects better than the eyes of a novice through the costliest 
nicroscope. : 

Good appearance (absence of surface flaws) is not all 
at makes a good bearing. If the shape of the vee cavity 
as been seriously altered by wear, the jewel may be unserv- 
eable. In precious-stone bearings (which are imported) 
he cavities have been ground in Switzerland and other 
uropean countries and are far from uniform even when 
ew. F. S. Stickney, a Westinghouse instrument engineer, 


This is the non-shorting type. 
As the arm is rotated from one 
position to another, the arm 
lifts up, and only one contact 
is touched at a time. 
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h jewel Surfaces 
Fig. 7 Scratches 
y respectively, 


being less sharp 
irection, 





1 area, approxi 
meter has spent 
loads. In meter 
aad the rounded 
he cup (Fig. 9) 
at higher Joad 
laries, 


placed in thre 
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1oderate central 
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with major de 
nded wear, ot 
The grading 
vels are useless 
« off from the 
re, cause rapid 
ng in the case 
and pivot be 
L large amountii (2) Hypothetical jewel cavity having true radius and truly conical sides. 
, successful re- (b), (c), (d) Tracings made from actual jewel cavities showing normal | 


acceptable variations in contour. : i 
(e) A theoretical pivot with truly spherical tip. 
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Fig. 10A. 





ing jewels and 
nt and unnec- 
about 1 to 4. 
desirable to 
he first grade, 
r the 2 and 3 
has been de 
ogical Journal) 
lich the Eng- 
is of special 
3 ever issued 
reak of war 
of jewels be- 
; off. At the 
sly increased 

That is why 

nust salvage 

an we do at 

resenting 4 


S 
4 Fig. 10B. Tracings from actual jewel cavities, showing undesirable con- 
s worth our ‘ours which must be eliminated by careful inspection in order to avoid bd A [ LC R @) S S M ae 5 CO 2 


























excessive friction. 
: : (a) Excessive radius and variable slope. 
ding jewels (b) Flat slopes near bottom of cavity, 
hich jewels (% ‘‘) Unsymmetrical cavity with flat spot. 
pele (d) Radius too small with bottom of cavity flat. 
Inspection. HH (e) An overloaded Pivot, with spot worn ‘‘flat.”’ 


COLLINGDALE, PENNA, 
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@ The Alnor Pyrocon is 
a convenient all-purpose surface 
temperature pyrometer ideally 
suited to a great variety of indus- 
trial plant needs. 

Accurate temperature readings 
are obtained in a few seconds 
of plastic materials, liquids, oils, 
and similar materials, and flat 
or curved, stationary or moving 


surfaces 


The rugged, shock- resisting 
movement is used with any one of 
eleven types of thermo-couples, 
interchangeable without adjust- 
ment or re-calibration. Choice 
of rigid or flexible arms, or both, 
instantly interchangeable. Built 
in several standard ranges, 0-300 
deg. F. to 0-1200 deg. F. Write for 
Bulletin 3511 giving complete 
description. 


illinois Testing Laboratories Inc. 


142 West Hubbard Street 


Chicago, Illinois 


My Business Maintains 
High Aecuracy Handatds 


100% automatic—these tank gauges insure 
accurate, trouble-free readings whenever 
required. No pumps, valves, or auxiliary 
units required to read them. Models avail- 
able so that readings can be taken remotely 
from or directly at the tank. Remote reading types utilize balanced 


hydraulic transmission system which completely compensates for 
temperature variations on communicating tubing. Accuracy unaf- 
fected by specific gravity of tank liquid. 


Approved for gauging hazardous liquids by Underwriters’ Labora- 
tories and other similar groups. Models available to automatically 
control pumps, motors, signals or other devices for maintaining 
minimum or mceximum liquid levels. 


Write for complete details. 


THE LIAUIDOMETER corp. 


ome 
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reported investigating thousands of cavity cont; 
ing wax or soft-lead impressions and examining { 
high magnification. Mr. Stickney had exact dra 
(see Figs. 10A and 10B). He reported* as fo}l; 

“In Fig. 10A, (a) is a theoretical normal jey 
reproduced by the skill of the draftsman. No ca 
like this. (b), (c) and (d) show actual jewel cavities yix 
the necessary manufacturing tolerances on dimensions fey 
radius FR and angle §. These cavities illustrate ap) roximate 
ly the variations which must be accepted in order to obtain 
jewels in commercial quantities: reasonable tolerances ;, 
grinding sapphires by the best domestic and foreig; . 
In Fig. 10B, (a), (b), (c) and (d) are tracings made frp 
actual jewels, showing some of the contours which, if no 
eliminated by careful inspection, will tend to produce ese! 
sive friction.” 


ts by tak 
CSE Unde 
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Cavity 
ty is eVer 


artisans 


VII. PrvoT REPAIR AND REPLACEMENT 


This section has been especially written for oy) 
readers by Mr. F. E. WILLIAMSON, Chief Engi- 
neer of The Paraloy Co., (manufacturing engineers 
makers of “Aeropoint” alloy pivots, Chicago). H, 
probably is the one who designed the world’s firs: 
wear-resistant non-corrosive alloy pivots and bear- 
ings. In several letters to me during the last fey 
months, he has repeatedly stated that he was prepar- 
ing shop notes on alloy pivots only—not on steel 
pivots. Nevertheless, his instructions seem to cover 
steel pivots as well, giving many more details thay 
any pivot repair notes ever published before. 

Moreover—and this is important—Mr. Williamson’s 
instructions apply not only to electrical instruments 
but to all Army and Navy instruments using alloy 
pivots: various aircraft types, radar sets, subma- 
rine detection sets, naval compasses, ete. —MFB 


For the instrument mechanic to do a thorough and quick 
job of pivot parts repair, it is essential that he understand 
the fundamentals of the elements with which he is working 

In an effort to improve pivot performance and instru 
mentation, wear-resistant, non-corrosive “Aeropoint” pivots 
were designed to combat the various factors causing inaccv- 
rate instrument function, with the following specific objec- 
tives: (1) to eliminate steel or other materials which would 
corrode under adverse conditions; (2) to provide wear- 
resisting characteristics so that the pivot will continue t 
operate even in dusty atmospheres; (3) to provide shock- 
resisting ability. (4) to provide resistance against long 
periods of severe vibration; (5) to minimize friction. These 
five characteristics extend the useful life of the instrument 
and forestall costly dismantling and servicing. 

Because of the high resistance of alloy pivots to indenta- 
tion and also due to their peculiar microelastic properties, 
these pivots seldom break in the normal service of the 
strument even when subjected to aircraft vibration. 

Alloy pivots such as “Aeropoint,” specially designed fo! 
instrument application, are usually made by welding to sult- 
able shank material] pellets of alloy made mostly from the 
platinum group of metals. Any of the alloy pivots should 
possess the five essential characteristics listed above. 

There is a sixth characteristic which is desirable but ! 
vitally important, namely, uniform appearance. Minut 
variations in the welding of the alloy tips to the shanks 1! 
the manufacturing procedure cause various producto! 
problems which the manufacturer usually overcomes befor‘ 
shipment of alloy pivots is made, but with today’s battle of 
production, some pivots do slip through with slight var'- 
ations particularly due to the welding operation. The 1” 
strument service man will realize that ordinary steel pivots 
are made of a single piece of stock: ground, hardened, an¢ 
then polished. Alloy pivots, on the other hand, are compose 
(see Fig. 11) of a pellet A welded to a suitable shank B. 
Slight variations in the welding of the pellet cause slight 
bulging in the flowing of the material in the welded joint 
as shown at C. 


*Instruments, May 1935, pages 112-114. 




















In the nufacture of the pivot point, the end is ground 




















_ urs by tak. . indicated by the dotted lines D so that in production, 
2 eS Unde oct of th swelled material section has been ground off. 
aon YINS mag wever, 28 previously mentioned, pivots sometimes are 
| ey ; eo in the field with a slight increase in diameter as 
ss _ Cavity ag own at EZ in Fig. 12 which shows the finished pivot with 
wd “ 18 Veliov point F ground to the required cone angle and with 

AVities with > ‘ius. This pivot would work perfectly. However, 
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EXCes. 





veld service man called upon to service a damaged in- 
rument may find that the slight bulging may interfere 
ith the insertion of the pivot into his staking assembly 
echanism. In servicing alloy pivots, the mechanic should 
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B Fig. 12 
Fig. 11 
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Fig. 13 
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remember this and, after examination through the magni- 
fying glass, if this condition exists the pivot should be 
chucked in his lathe and excess shoulder material removed 
so that the pivot appears as in Fig. 13. He will then be 
able to chuck or insert the pivot into a holder for proper 
servicing or assembly operations. 

Since this discussion is confined to the field repair prob- 
lems of the service man, or attempt will be made to elabo- 
rate on various instrument servicing methods practiced in 
factories, but the mechanic should know more of the func- 
tion of the pivot point when actually working under load. 
It can easily be understood that in a conical pointed pivot 
as used in most indicating instruments, with a tip radius 
of less than one thousandth of an inch, even with a. pivot 
load of only a few grams the resultant stress per unit area 
on the pivot point will approximate many tons per square 
inch. Since the theoretical pivot point is a perfect sphere 
with extremely small radius which permits it to operate 
with minimum friction in the pivot bearing seat, it will fur- 
ther be understood that a loaded pivot point will no longer 
retain its perfect sphericity if the assembly is subjected to 
vibration abuse. Microscopically, the ball point of the pivot 
will have a temporary deformation similar to that of a rub- 
ber ball when dropped on the floor or a golf ball when struck 
with a club; that is, a deformation of the curvature of the 
contacting surface will occur as shown between the lines G 
and H in Fig. 14. Actually, then, at the instant of impact, 
the surface of the ball point has receded from a spherical 
shape H to an ellipsoidal shape G. This means that the ma- 
terials composing the pivot point when subjected to vibra- 


Fig. 14 














tion are alternately under contraction and expansion. 

The work done by the ball-pointed pivot in its constant 
deformations when subjected to vibration would not be 
harmful to the shape of the pivot point if the elastic limit 
of the materials composing the unit is not exceeded and if 
the operation due to the torque and rotary motion of the 
pivot does not wear the pivot point materials. Actually, it 












































Whether for direct manual adjustment or for 
front-of-board control, Jagabi “Lubri-tact” 
Power Rheostats can be depended upon to 


do a real job where quality of construction, 


ruggedness, durability and maximum heat- 
dissipating qualities are required. Suitable 
for either d-c or a-c control in 4 sizes and 76 
ratings as high as 25 amps, 1.6 ohm and 
30,000 ohms, .1 amp. Available in screw- 
driven fine adjustment types, and with metal 


cages, multiple sliders and other modifica- 


tions. Write for Bulletin 1620-L. 


James G. Biddle Co. 


ELECTRICAL AND SCIENTIFIC INSTRUMENTS 
1211-13 ARCH STREET PHILADELPHIA, PA. 
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that pint you gave 
IT may be that many months may pass 
before the blood you gave will save a 
life . . . the place may be thousands of miles away. 

The preparation of blood plasma is a meticulous process in 
which a special type centrifuge plays an important part. Centri- 
fugal force, developed at enormous speed, with smooth accelera- 
tion, packs down the red cells and increases the yield of blood 
plasma. This calls for sturdy equipment built for continuous duty. 

The Ward Leonard Rheostat shown on this International 
Blood Plasma Centrifuge was selected as the motor control be- 
cause of its dependability, its many accurate steps, and its elec- 
trical interlock which assures a slow start irrespective of when 
the switch is closed. 

Ward Leonard Rheostats are available in a wide range of sizes 
for single and multi-mounting, manual or motor drive. Send for 
bulletins describing these and other type rheostats. 


_ WARD LEONARD 


RELAYS + RESISTORS - RHEOSTATS 
Electric control @w) devices since 1892. 


WARD LEONARD ELECTRIC CO., 38 South St., Mount Vernon, New York 





ASSISTANT CHIEF 
INSTRUMENT ENGINEER 


An old established New England manu- 
facturer of industrial and aircraft in- 
struments is looking for an assistant 
chief instrument engineer. This man 
should have had experience in one of the 
establishments of manufacturers of air- 
craft instruments, refrigeration control, 
industrial instruments, or similar de- 
vices. The permanency of the position is 


not dependent upon the present emer- 


gency. Include small photograph (which 


will not be returned) with application. 


BOX No. 76 
INSTRUMENTS PUBLISHING CO. 
1117 Wolfendale St., Pittsburgh, Pa. 
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is found in field service that considerable wear of the no; 
occurs due to vibration and also due to the oxidized surfs, 
of steel pivots, which corrode and abrade in tropic) , 
mospheres. The service engineer should understand th 
with the production of an alloy having improved ¢oy h 
resistance and wear resistance and also a surface hardy 
comparable to the hardened steel pivot, naturally the stm 
ture of the special alloy will be crystalline and althousl 
sintered metallurgical manufacture provides an alloy whig 
is quite uniform in its microcrystalline structure, jt still 
on the brittle side. This is not unusual when one consider 
that ordinary hard lathe tool bits are brittle and their oy, 
ting edges do break when severe loads are imposed on then 
It must also be remembered that alloy pivot points P 
ground to sharper angles than the angles of the hard ma 
chine-shop cutting tools. Thus the unit stress load on ty 
pivot point material is extremely high so that alloy pivotg 
should be handled with some care. The alloy pivot poin 
due to its crystalline structure, is relatively strong in con 
pression but relatively weak in shear, which means that j 
will withstand greater vertical loads on the point sectig 
than it can possibly withstand from a shearing or sii 


EXERT SLIGHT 
PRESSURE WITH 
THE FINGER HERE 


Fig. 15 Fig. 16 

pressure at the point of the long slender taper. In servicing 
alloy pivots the instrument man may find that the point of 
a pivot that has been subjected to abuse may be broken ina 
jagged fashion as shown at J in Fig. 15. The following re 
pair information naturally will apply to any pivot point, 
but we shall confine our discussion to alloy pivots. 

In order to repair a pivot point broken as in Fig. 15, the 
pivot can be chucked in a lathe or other spindle and rotated 
between 200 and 500 r.p.m. A strip of No. 0000 emery pol- 
ishing paper (J) between one and two inches wide and ap- 
proximately ten inches long, should be placed on the under- 
neath side of the pivot point and slight pressure applied 
with the right forefinger (if the mechanic is right-handed), 
The edges of the paper J are supported by the thumb and 
other fingers so that the left hand can then draw the strip 
of paper towards the body in a long, gentle, sweeping 
stroke. In order to bring the point back to a shape approxi- 
mating a cone, several strokes must be applied in this mar- 
ner. The operator should use a magnifying glass to closely 
check the results of the stroking of the point. Usually, only 
a small section of the tip is broken in service and it is not 
recommended that grinding or oilstones be used to try to 
service the pivot. It may take some “elbow grease” and 
stroking with the fine emery polishing paper, but the me 
chanic will have a better job when he is finished. 

When the point has been stroked sufficiently to polish of 
the point section similar to K in Fig. 16, a different tech- 
nique is now required to lap the point round and to a usable 
radius. The operator should hold the same strip of emery 
paper in both hands as shown in the multiple-exposure “ac- 
tion photo,” Fig. 17 (which shows the repair of a large 
Navy compass pivot). The polishing paper J (Fig. 16) held 
in this manner is then stroked across the edge of the pivot 
point as at L. The direction of the stroking motion is show! 
at M. This operation consists of a light pressure of the 
paper on the pivot point. If the paper is pressed heavily 
against the pivot point, it will be found the resulting po 
ished surface is not as smooth as that produced by a light 
contact stroke. Fig. 16 is the beginning of the repair strok 
and to properly service the point a series of rotary tral’ 
verse strokes are necessary. It might be mentioned that 
sometimes on pivot points which have a relatively broke! 
area, several straight strokes in direction M (Fig. 16) ma) 





{ 



































































wear of the »,: 
: Oxidized Surtay 
© IN tropical y 
understand th 
'PTOVEd Corry: 
surface hang 

arally the 
ne and althoug 
§ an alloy whis 
ucture, it Still j 
en One conside 
le and their ey, 
mposed on they 
IVOt points av 
of the hard mg 
ess load on the 
hat alloy pivots 
loy pivot Poin 
strong in com 
h means that i 
le point Sectioy 


learing or Side vee {J RAG nk TEMDED AM CONTROL 
: DETERMINES ITS QUALITY 

CCURATE control of temperature or pH is vital to modern heat treating or chemical () H i XO p () ill il 
F \ processing, because only in this way can uniform quality be obtained under 


3 production conditions. 


entiometers have made such control possible, and “the heart” of these instruments in 


over 25 years, has been the Eplab Standard Cell. This cell is a “yardstick” 
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hb wot of voltage to temperature. The first commercial cell of its type. constant 

ch has made it “as standard as sterling”. 
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nthatbsred aa ee CONNECTICUT TELEPHONE & ELECTRIC DIVISION 


kposure “ac- 


American War Correspondent: 


You see, the Correspondent had just re- 


> 


marked upon the number of “Connecticut” 


L ABORATO RY Acc U RACY | field telephones in use by the famed Cossack 


Cavalry. 7 + » Like many an American 


fighting Russians. 
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AC-ME 
GRAVITOMETER 


Accurately records the chang- 
ing gravity of gas and automa- 
tically corrects for variation 
in temperature and baromet- 
ric pressure. 


Elimination of complicated 
rotating parts from the de- 
sign permits simple, sturdy 
construction that requires only 
a minimum of maintenance 
to keep the instrument func- 


tioning. 


Charts are changed without 
exposing the main part of 
the instrument. A large glass 
door gives complete visibility 
to the record while the in- 
strument is operating. 





THE REFINE 


— N 


RY SUPPLY CO. 


peti Gy Wael €e -\. fel. 7 :| Ph. 4-8144, L.D. 58] 
Fig. 17 


be necessary if the operation in Fig. 15 does not restore th 
broken point to a reasonably straight section. 

The transverse stroke motion is shown also in Fig. 18 
Grasping the two ends of the polishing paper in both hand: 
the operator will run the lathe so as to rotate the pivot from 


D e V ‘a L Oo Pe ne E N T 200 to 500 r.p.m. The speed is not critical, but high speed 
should be avoided. The right hand will then gently hold the 
polishing paper against the edge of the pivot point, the lefi 

E N S&S i N F E R hand holding the other end of the paper so as to create 4 


slight angle with the cone section of the pivot as shown at 
J in Fig. 18. The direction of the stroke is indicated by the 


For TEMPERATURE and arrows. The paper is then brought towards the operator in 


a long, gentle, sweeping motion so as to provide a constan| 


PRESSURE RE GULATO RS stroke, varying the point of contact between the paper and 


the pivot itself. The proportion of the stroke and the con: 





Self-operated and Pilot-operated types 


Permanent position with old estab- 
lished Chicago firm now engaged in 


war work. Good salary and opportu- 








nity for advancement. Technical grad- 
uate with experience in the mainte- 


nance of control instruments in a large | 
Fig. 18 Q 
2/3 O. 4 
though not necessary. tact area is indicated as the short section at the end of the 
paper Noe at the start, and the beginning of the end of th 
stroke Ne, of the paper J in an arc as indicated by the ar 
ADDRESS BOX 74 rows. At the instant that the rotary motion has Proug” 
the stroke to the position marked “J finish,” the section © 
INSTRUMENTS PUBLISHING CO. the paper marked N; which amounts to about two inches 
1117 Wolfendale St., Pittsburgh, Pa. then brought straight towards the operator so as to be # 
right angles to the axis of the rotating pivot. In othe 
words, this sweeping stroke of the paper contacts t! 


industrial plant would be helpful, 


NLVOr 
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Lie GAGES | Yeo vee: 
RIN: DRAFT . Resistors are the best answer 


for your Resistance Problems 


/ 3 


i ge 


You know exactly how much 
draft—when you look at the 
Hays Draft Gage; exactly—not 
approximately. 

Amazingly tough yet soft and 

A pliable, the colon leather dia- 
phragm withstands constant 
flexing, yet sensitively records 
.0025 inch water. It lasts indefi- 
nitely—no effects from sudden 
overloads. 

Its dependable accuracy 
quickly established the Hays 
Draft Gage as the standard of 
performance—it was the first of 
the dry type gages. 


Write for Bulletin 40-294—gives 
you complete information. 


JAYS CORPURATION 


MICHIGAN CITY. INDIANA.USA 
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ond fee mace LY careless counting 


THE EXTENSIVE RANGE of Ohmite types and sizes 
makes possible an almost endless variety of regular or 
special resistors to meet every need. Core sizes range from 
2-1/2" diameter by 20” long to 5/16” diameter by 1” long. 
They are available in fixed, adjustable, wire or flexible lead, 
tapped, ferrule, Edison base, bracket, cartridge, strip, pre- 
cision, non-inductive, and other types. 








relies on miscounts and 
“bulls” are bound to charge in and OHMITE Vitreous Enameled Resistors have 
quem = on dul yntil mistakes are proved their dependability in every climate from 
rip up production schedu vp OS operating the arctic to the tropics. That's why they are so 
made impossible by ar production machines and widely used in Industry and in the Armed Forces 
— records evi Veeder-Root Counting Devices --- of the Nation. 


improve 
avoid delays, shortages and es tae as- Write on company letterhead for helpful 96 page 
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cgaweoeng the utmost.. VEEDER-ROOT 4886 Flournoy Street Chicago, U.S.A. 
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CAREFUL 
ATTENTION 


.. tOEVERY ORDER-big 
or little-is part of our 
business ABC's. 


PRECISION THERMOMETER 
AND INSTRUMENT COMPANY 
PRECISION 


INSTRUMENTS FOR INDUSTRY 








@ NOW each Taber 

Abraser can be used 

for two entirely dif- 

ferent surface finish tests. 
1. Accurate measurement of 
toughness, quality and ability to 
resist digs, scrapes, and similar sur- 


face damage other than normal wear 
by shear-hardness attachment. 


2. Scientific evaluation of resistance of surface finishes to 
ordinary rubbing abrasion. 


Write for Bulletin 4012 illustrating wide applications. 


TABER INSTRUMENT CORPORATION 


1111S GOUNDRY STREET, NORTH TONAWANDA, N.Y. 


Designers and Builders of Scientific and Precision Apparatus 
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point with a length of paper approximately ten inches long 
in a semicircular motion so as to provide a roy ding of 
action on the point, the finish of the stroke Providing about 
two inches of the paper for polishing straight acrogg the 
end of the pivot. This last part of the action is very CYitica] 
and care must be exercised not to exert any pri ssure on 
the pivot point because after several operations the opera- 
tor may find that he is flattening off the end of the pivot 
rather than rounding it off. 

This procedure will restore the radius of any pointe 
pivot. From two to thirty rotary stroke motions may be re- 
quired to restore the ball point to the pivot, depending upon 
the size of the damaged section of the tip. Usually a series 
of very light strokes will be better. It must also be remem. 
bered that the number of strokes will govern the size of the 
radius of the point. If the operator has healthy arm muscle 
and he continually makes the radius too large, then the 
polishing paper should be rubbed on an oilstone rather 
briskly so that the small abrasive particles are reduced in 
size so that they will have little cutting action. This wij 
enable the operator to apply the required number of strokes 
without whittling the point to an unusable stage. The im- 
portance of a light contacting pressure of the paper on the 
point cannot be over-emphasized. The motion of the rotary 
stroke need not be slow. In fact, if the operator can make a 
quick and fast stroke with light contact pressure, he will 
be able to produce a highly polished surface. 

On some assemblies it is necessary to remove the pivot 
staff to repair the point. The operator should carefully 
check the shoulder of the tip section (EF in Fig. 12) and 
with his micrometer make sure that there is no burr at this 
place which would prevent a free staking operation. In the 
staking operation many alloy pivots have been damaged be- 
cause the operator did not realize that alloy points must 
be provided with a relief so that no pressure is exerted 
upon the point itself. This is diagrammatically shown in Fig, 
19. A reliable guide is to provide a relief section for the tip 
equivalent to two-thirds the diameter of the pivot staff as 
outlined in Figs. 13 and 19. This will then provide a clear- 
ance between the staking anvil P and pivot staff D. The size 
of the clearance hole Q is not particularly critical so long 
as it is large enough to adequately protect the pivot point 
in case the pivot staff shifts slightly from a vertical axial 
position in the staking operation. 


Section VIII, on Effects of Vibration, 
will appear in the next issue 





ELECTRON TUBES 


(Continued from Page 260) 
field in which it is placed and it will be drawn toward the 
positive pole of that field. This is merely another way of 
saying that an electron is attracted by a positive charge. 
Fundamentally, an electric generator consists of an ar- 
rangement whereby a moving magnetic field is made to cut 
groups of conductors. It can also be shown that a moving 
magnetic field creates an electric field and it is this electric 
field which sets the electrons in the conductor in motion. 
When the generator is set in motion the electric field pro- 
duced between the terminals of the machine acts upon all 
the electrons in the circuit and they all start to move at 
once in the direction of the positive terminal. As long as 
the generator is kept in motion, the free electrons in the 
circuit will continue to circulate. : 
The number of electrons involved in the conduction 0! 
current is enormous, though it may be found by s mple 
calculation. One ampere of electricity, for example, is de- 
fined as the flow of one coulomb of electricity per second 
past a given point in a conductor. Since the charge on an 
electron is - 
0.000,000,000,000,000,16 coulomb, (written 1.6 X 10-'”) 
a flow of one ampere requires that 
6,300,000,000,000,000,000 electrons (written 6.3 X 10 °°) 
move past a given point in the conductor in one second 
To those who are familiar with the laws of electric cul- 
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FIXED AND VARIABLE 


RESISTORS 


INTERNATIONAL RESISTANCE CO. 


417 N. BROAD STREET * PHILADELPHIA 





HY DRON 


*METALLIC BELLOWS < 


We manufacture HYDRON bellows and bellows assemblies ready for 

tallation in steam traps, relief valves, temperature regulators, pressure 
regulators, air valves, and automatic temperature and pressure controls, 
ae uding aircraft engine cooling systems, carburetors, and super-chargers. 
We also manufacture HYDRON extruded tubing for aircraft prestone 
radiators, oil coolers, inter-coolers, and after-coolers, for liquid-cooled and 
air-cooled motors. 


CLIFFORD MANUFACTURING CO. 


CHICAGO 564 East First Street DETROIT 
221 N. LaSalle Street BOSTON, MASS. 6432 Cass Avenue 





nMAN 


—— Satisfactory —— 


Radio and Electrical equipment is being tested 
in Tenney units by leaders throughout the 
country. Uncle Sam’s Inspectors are passing 
it after exacting tests with words of highest 
praise to the Electrical Engineers— 


“PERFORMANCE SATISFACTORY 


Tenney units reproduce any atmospheric 
condition from the ground to Stratosphere. 
Tenney Engineering, Inc. equipment is used 
by the Aviation Industry and the United 
States Government for all types of test. 


Stratosphere Chambers and Rooms to 
60,000 feet. 


Humidity Chambers to 95% 
Constant and Variable Temperature Baths 
to +0.1° F. 

Temperature Cabinets to —100° F. 
Accurately controlled by exterior instruments 
on ie 
Our Engineering staff is at your service 


Illustrated and descriptive booklet on request 
For Precision Control, write 


TEN NEY rc Y 
TENNEY ENGINEERING, ee 
Dept. 1-6, 8 Elm St., Montclair, N 
Telephone: Montclair 2-5535 


enon 
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FEDERAL 


Taperlock Plastic 
GAGE HANDLES 


LIGHT WEIGHT PLASTIC HANDLES give gages more sensitive touch 
because they are lighter than any metal. They reduce fatigue and 
insulate gages from bodily heat which safeguards accuracy. 
EASILY MARKED for identification with the same stamps tools used 
for marking metal handles. 

LOW COST represents a real saving. 

IMMEDIATELY AVAILABLE IN 6 STANDARD SIZES 
quantity. 

FURNISHED IN FOUR COLORS, Red, Yellow, Green, Black for quick 
identification of types or sizes. 

IDEAL FOR THE NEW GLASS GAGES. Users and makers find that 
glass gages require a lighter than metal handle to reduce the 
danger of breakage. Federal Handles add to the sensitivity of glass 
gages. 


and in any 


FEDERAL TOOL CORPORATION 


405 North Leavitt Street 


eer 


IT’S EASY TO BE 
ACCURATE WITH 


ADJUSTABLE LIMIT 
SNAP GAUGES 


The M-G Snap Gauge is the only adjustable limit gauge having the 
adjustable and locking means both completely housed within the heads. 
No screws are expo after the wax sealing hes been applied and there- 
fore, when once sealed, the gauge cannot be tampered with unless the 
sealing is removed. 

The M-G Snap Gauge is also the only adjustable limit gauge equipped 
with square anvils. e shape of the pins themselves prevents any possi- 
bility of turning in the hole and therefore the necessity for keyways or 
other devices to prevent this is eliminated. The square anvil presents a 
straight edge to the work to be measured, has greater wearing surface, 
wears more evenly and requires decidedly less grinding to maintain the 
ends of the pins parallel. e adjustment in each size is sufficient to allow 
several regrindings and iappings. For prices and further information write 


M-G GAGE COMPANY Syracuse, New York 


Representatives Wanted in Certain Areas 
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Chicago, Illinois 


rents the statement that the electrons move t, 
positive terminal may be puzzling in view of the 
in electrical circuits the current is said to be the 
positive to negative—just opposite to the actio) 
here. The reason for this contradiction is thai 
established convention of representing the curren 
ing from the positive to the negative terminals 
The pioneer electrical experimenters, having no | nowledy; 
of the electron and therefore no real understanding of th 
nature of an electric current, arbitrarily assumed the diree. 
tion of current to be from positive to negative, Ag y,. 
disclosed by the electron theory, they chose wrongly but th, 
convention persists to this day. In view of present know). 
edge this convention should be abandoned since it is ¢y. 
tremely confusing when dealing with electron tube circuits 
(To be Continued) 


Ward the 
fact that 
flow from 
leseribe, 
the olq. 
U as flow. 
‘S Wrong 


S now 





Newest Developments in Glass Gages 
(Concluded from Page 256) 


It is entirely possible to grind centers in the ends of 
plugs, using a tungsten carbide drill and lapping with , 
center lapping stick, such as a Norton 60 Q % X 2: th 
blanks will be supplied by glass makers with the center: 
ground in. The question has been asked many times. 
whether the molded male centers could be supplied on the 
blank: this is impractical to do in glass molding procedure. 

It is not amiss to point out that glass gages are part of 
the Ordnance gage program. Early in August 1940, ap- 
proximately one year and three months before Pearl Harbor. 
it became evident that the peace-time capacity of the gag: 
industry, which is normally about 3% to 4 million dollars, 





From The History of the United States Army by Colonel 
William A. Ganoe (page 512): “.. . The next year [1938] 
opened propitiously. The President with his usual foresight 
sent a message to Congress requesting . . . six millions for 
manufacture of gages, dies and aids to manufacture of arms 
and munitions.” 


was insufficient to meet the visualized load of the projected 
munitions program, taking into consideration Ordnance, Air 
Corps and Navy requirements. 

From surveys made in September 1940, the first general 
gage expansion program was initiated and approved by 
President Roosevelt on October 15, 1940, to the extent of 
four million dollars for increased gage making facilities. 
This has been followed by four other expansion programs, 
the total resulting in the expansion’ of over 100 gage mak- 
ing plants at a cost of approximately twenty million dollars. 
It is estimated that these facility expansions, with other 
normal expansions, will have increased the gage making 
capacity of the country from four million dollars in 1940 
to approximately 125 millions at present. In short, the Ord- 
nance Department has been providing new sources of sup- 
ply as fast as the demand presented itself. 


This balance of supply and demand has been accom- 
plished by studying production programs in advance and 
increasing gage facilities far enough ahead of the programs 
to meet the objective. A definite policy of design, distribu- 
tion, surveillance and procurement was set up before this 
war and with the codperation of industry, the Ordnance 
Department has been able to carry out its gage program 
objective. 

The Ordnance Department has developed a gaging policy 
which many agree is superior to most other policies becaust 
it recognizes the vital importance of wear allowance and 
combines wear allowance with gage makers’ tolerances, both 
allocated entirely within the work tolerance zone. This allo- 
cation is graphically and dimensionally described on a” 
Ordnance chart which appeared in Instruments, May 1942 
issue, page 174; also in Iron Age, September 3, 1942 issue. 

Nineteen Ordnance gage laboratories were established at 
manufacturing arsenals and in ordnance procurement dis- 
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vertical measurements 
f The adaptability of these slides to innumerable measuring 
problems permits wide application in testing and inspec- 
tion departments, laboratories, and shops. 


RANGES: up to 4 inches (100 mm) 
READINGS: to .00005 inch (0.00! mm) 
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@ &SPINDLE SHORT RADIUS 
AUTOMATIC POLISHING MACHINES 


® 1,2,3 &4 SPINDLE 
AUTOMATIC POLISHING MACHINES 


= etd Capacity up to 16’ Laps. 
wance and © OPTICAL GRINDING MACHINES 
ogee @ CONTRACTORS for 

= pg FINE-GRINDING CERAMIC PARTS 
May 1942 
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BAILY VIBRATOR CO. 


1539 WOOD STREET PHILADELPHIA, PA. 
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New Flow Rate Indicator 


gives instantaneous response 
to flow change 





, Fischer & Porter Rota-Sight is the logical 
flow rate indicator for any application where an approxi- 
mation of the amount of fluid flow rate is an operating 
aid and necessity. The Rota-Sight has literally thousands 
of uses such as for measuring flows of cooling water, air 
agitation, gas blanketing, gas leakage, lubricating oils, 
filter feeds, filter back wash, overflows, circulating me- 
diums and coagulating additives. Nothing as simple and 
inexpensive as the Rota-Sight has ever been available 
for the countless fluid flows where you would like to 
know exactly what you are doing. 

The Rota-Sight offers these distinctive advantages: 
1. Tells the operator the instant that the flow changes. 
2. The indicating rotameter-type float gives wide range 
over short scale length. 
Float is visible in opaque liquids. 
Warns operator when flow is too high or too low. 
Easy to install — universal inlet and outlet connec- 
tions. 
. Nothing to get out of order. 
Inexpensive. 
Sizes 14” to 214”—flows to 57GPM or 130CFM. 
Available in cast iron, bronze, and steel as standard 
materials — obtainable in any corrosion resistance 
metal that may be cast, such as stainless steel, hastel- 
loy or durimet. 
We suggest that you take immediate operating advan- 
tage of this new, sensitive flow rate indi- 
cator. For complete information write for 
| Bulletin 101. Fischer & Porter Company, 235 
| County Line Road, Hatboro, Pennsylvania. 
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AMEs Hundred ‘. 


DIAL INDICATORS 


& 
Snshac Wan of hard-to-get-at places 


now made certain and accurate with the help of 


WAPPLER 
INDUSTRIAL TELESCOPES 


; “Precision Instruments for 
White fs the Exacting Inspection of 


Gul Booklet: Internal Surfaces.” 


For prompt action and our recom- — 
mendations, include drawing of Made to A. G. D. specifications in four sizes with four. 


: ferabl ‘ : ; ie A 
SS ‘ teen different dial numberings indicating thov. 
sandths, half and tenths of thousandths inches. Plain 
Industrial Division or jewel bearings. Shock absorbers for all models. 


AMERICAN CYSTOSCOPE MAKERS, Inc. Send for new catalog No. 52 


FREDERICK C. WAPPLER, Pres. 


1241 Lafayette Ave (Bronx) New York, WS.A. B. % AMES Co., WALTHAM, wiles 


tricts before this emergency. Those in the districts were pose gages employing electrical means for amplification, 
located in universities for the purpose of training personnel pneumatic gages for measuring gun bores, special dial ir- 
in this highly specialized work. The foresight of the Ord- dicators for the same purpose and optical projectors f 
nance Department in equipping these laboratories in the measuring irregular parts. 
years prior to the emergency can be visualized when you In concluding this talk, may I say that the Ordnance 
consider the serious bottleneck which developed shortly Department is greatly indebted to you gentlemen in indus. 
after the beginning of this war in the supply of precision try for your fine codperation, without which it would hav 
measuring equipment, due to the restriction of foreign been impossible for us to meet the objective of this eno 
sources of supply and the longer period required to manu- mous program. 
facture this type of equipment. 
The district laboratories are responsible for constant ; : , : ; 
gage surveillance to detect worn or damaged gages being WANTED—Engineer with long experience with wide 
used by ordnance inspectors. variety of industrial and laboratory instruments, to 
head Instrument Maintenance Department of the 
The Ordnance Department is constantly striving to im- largest U. S. Army establishment of its kind. Write 
prove gaging methods, particularly with the view of ob- (giving all essentials) to Box 79, care Instruments, 
taining faster inspection. During this emergency many new 1117 Wolfendale St., Pittsburgh. 
types of gages have been developed, including multiple-pur- 


V 

Y Dnsteument DIALS AND SCALES 
mssunes Best quarry WAMEPLATES © PANELS ex. 
& PROMPT PERFORMANCE. 
PREMIER METAL ETCHING COMPANY 


21-03 44TH AVENUE LONG ISLAND CITY, N. Y. 
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KRON 


WEIGHT CONTROL AND FORCE 
MEASUREMENT INSTRUMENTS 


Our latest— 


KRON 
DRAW BAR 
DYNAMOMETER 
SCALE 
for 
Aircraft 
Control Cable 
Testing 


ENGINEERED APPLICATIONS 


Our engineering staff has designed literally hundreds of engineered 
applications of KRON Scales of all types for special processes and 
unusual weight control problems. 

KRON SCALES ARE BUILT IN CAPACITIES FROM 50 to 40,000 Ibs. 
KRON LEVERS are so designed that they can be adapted for prac- 
tically any size or shape of platform, hopper or tank. KRON dials 
can be furnished with or without tare beams on column and also 
with cabinet having one to seven increments of unit weights. 
WEIGHT PRINTERS, RECORDING DEVICES, PHOTO-ELECTRIC 
CELLS, MERCURY or MAGNETIC SWITCHES, VARIABLE CAPACI- 
TANCE CONTROL, and many other accessories and control systems 
can be supplied for engineered applications. 


The KRON CO. 


1728 Fairfield Ave. Bridgeport, Connecticut 
Offices in all principal cities 














with the 


DIETERT 


MOISTURE 
TELLER 


. The Dietert 

Moisture Teller de- 

termines moisture 

content accurately 

a and rapidly by forc- 

ing electrically heated air through the test sample. The 

drying temperature may be closely controlled with 
thermo regulator. Cost of operation is very low. 


For plant and laboratory use in the chemical, 


ceramic, food, foundry, paper, pulp, rubber, 
salt, sugar, textile and tobacco industries. 


Send TODAY for full information 


HARRY W. DIETERT CO. 
9330 Roselawn Ave. Detroit, Michigan 





PROJECTING FOR 


.»» PLANNING FOR 


Peace 


* Planning for Peace is just as important as winning the 
War. Right now we at SOMCO are 100%, devoted to 
vital war work. But, we are also looking to the future. 


It is important that the.coming days of peace be 
richer, happier than we have ever before known. Finer, 
better products can help accomplish this. 


It is through our years of applied research that 
SOMCO hopes to maintain its present leadership—to 
show the way to better living—to bring forth new inven- 
tions, new ideas in lenses, prisms and optical flats such as 
the world has never before seen. 


In the meantime we are still at your service. We wel- 
come your inquiries about present problems and future 
plans. Our facilities are at your service, now, as always. 


SOmCcO 


LEADERSHIP THROUGH APPLIED RESEARCH 


The Army-Navy Production “E” has been 
awarded to SOMCO in recognition of qual- 
ity optical equipment, in quantity, on time. 


SIMPSON OPTICAL MANUFACTURING CO. 
CHICAGO, ILLINOIS 
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Boiler Meters 


Reduce fuel 
costs, lessen 
maintenance 
and outage, low- 
erstandby costs, 
and add capac- 
ity. They indi- 
cate, record and 
integrate Steam 
Flow from the 
boiler, record 
Air Flow sup- 
plied for com- 
bustion and record Flue Gas Temperature. 


Bailey Boiler Meter 


Mullti-Pointer Gages for indicating 
drafts, pressures, differentials are available 
with any number of pointers from one to 
twelve. They are actuated by sturdy yet 
sensitive diaphragm units. 





Multi-Pointer Gage 


Flow Meters. For indicating, record- 
ing and integrating the flow of steam, feed 
water, compressed air and other fluids. 


Granular Material Meters 
For accurately measuring 
the flow of coal or other 
granular materials in 
gravity chutes from over- 
head bunkers. The total 
quantity of granular ma- 
terial is shown on a large 
illuminated counter which 
may be easily read at a 
distance of 50 feet. 





Control Systems 
Make possible the every- 
day operation of equipment for steam 
generation and utilization at test efficien- 
cies. They are applied to the control of 
combustion, feed water, superheat, de- 
superheat and other factors. 


Coal Meter 





Infor 


BAILEY METER 


* COMPANY - 





104] Ivanhoe Rd., Cleveland. Ohio 


BAILEY METER COMPANY LTD... MONTR 


Page 306—J nstruments—Vol. 16 


METERS and CONTROL 








The Month’s NEW 
INSTRUMENTS 


In this department we strive to report each month ALL the new devices for meas. 
urement, inspection, testing, metering and automatic control—in the form of CONcise 
technical descriptions. When writing to manufacturers directly, please mention this 
department. Or write to Information Section, Instruments Publishing Company, 









Remote Electro-hydraulic 
Transmitter 


New remote control device combines jet 


pipe principle with Selsyn telemetering sys- 
tem. Selsyn movement need merely operate 
pipe 


the sensitive jet which is practically 





frictionless and thus transmit the original 
indication through a hydraulic system with 
sufficient power to operate heavy dampers, 
butterfly valves or any other equipment re- 





- 4 
a Re Soe , 
py ge rrr, 
wu ; } . 
: we, F 
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C) TRANSMITTER 


quiring accurate remote operation, Diagram 
illustrates how movement of Selsyn trans- 
mitter (1) is transmitted to receiver (2) 
which in turn alters position of jet pip 
(3), causing a greater hydraulic pressure to 
result on either side of piston (4). Piston 
movement is always proportional to the 
amount of the original Selsyn motor move- 
ment. Cylinder can be used to produce a 
proportional stroke, force or rate of turn 
proportional to the displacement of trans- 
mitter. Factor of power, force or amplifica 
tion is said to be practically unlimited and 
accuracy of 0.2 is obtained; greater ac- 


curacies can be provided when required 
Photograph illustrates application in whic! 
the speed of a hydraulically-driven worn 
gear may be adjusted remotely.—Askania 
Regulator Co., 1603 S. Michigan Ave., Chi- 


cago, Ill, 


a , 


Air-operated Controller 


New air-operated automatic contro] jy. 
strument known as “Convertible Fre« ~Vans 
Controller” is for automatically « ntrolling 


temperature (up to 3600°F.) flow liquid 


ae 





level, pressure, draft humidity, pH valu 
and time program. It operates on the same 
basic “Free-Vane” principle as that used 
in maker’s previous models but design re- 
finements have been incorporated 
simplify instrument, make it 
venient to service and enable user 
vert from one type of control 
another. “Convertible Air-Operated Con- 
troller” is offered in the following types 
“Monoset” (on and off), “Ampliset” (throt- 
tling), Preset, Reset, and ““Magniset.” Ad- 
justments for fitting controller to require- 
ments of process are located on dial board 
above chart.—The Bristol Co., Waterbury 
Conn, 


whic! 
more con- 
to con 


System t 


Tandem Controls 


A plurality of circuits—up to two dozen 


if desired—can be controlled by single shaft 
of “42 Series Control” said to provide maxi- 
rigidity as 


mum well as positive rotatiot 





backlash. New desig! 
unit permits nesting 


of all 
of case for each 
locking all units into a 
Metal end disks and tie 
together rigidly. Single shaft passes t igi 
and locks with rotor in the 
Individual units can be of any 
resistance, taper, taps and hop-offs 
individual circuit requirements. N 

trols are necessarily made on spe 

only, since the 
values vary from one application to 
Units with as many as 20 sections 
ing produced for criticai applicat 
Clarostat Mfg. Co., Inc., 235-7 N. ¢ 
Brooklyn, N. Y. 


units without 


compact 


rods hol 


each 


number of sections 
























W PERT S ... REFUSE TO BE STUMPED 


hen a possibility seems an improbability, call in a MOBILE engineer. 
FE S rver the wide range of requirements for high altitude test and cali- 

ation chambers, our men have overcome many of the difficulties 
hich gave instrument manufacturers a headache. Unusual specifica- 
‘ons have been successfully met, production test times substantially 
pwered, greater efficiency effected. All MOBILE units incorporate 
sositive means of refrigeration and control, with an indicating record- 
ing controller. Wherever standard models are not suitable, we will 
build to individual needs. 
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May we work with you? 


he 
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ti 
Ts 


Nev 
0 another. 630 FIFTH AVENUE NEW YORK, N. Y. 











HIGH ALTITUDE 
DEVELOPMENT CHAMBERS 


Temperature: —125 F to +-180°F, 
accuracy +2°F of setting. 
Vacuum: to .15”Hg absolute 
Time: complete cycle within 90 
minutes. 
Size: minimum of 12” x 12” x 12” 
to any greater capacity. 
Humidity: 20% to 95% R. H. 
manual or automatic control. 
ka 
-m™ 


COLD CHAMBERS 


Specifications are identical with 
those listed above for altitude 
chambers, except that cold cham- 
bers have no vacuum provision. 
ka 
“mm 
HOT AND COLD BATH 
CALIBRATION STANDS 


Temperature: —85°F to +-600°F. 

Control: constant temperature 
control +1 °F. 

Size: | pint to 50 gallons; also 
available with multiple vat units. 

Automatic mechanical refrigera- 
tion (no dry ice). 


Ww 


FLIGHT CHAMBERS 


Temperature: to —100°F. or with- 
out refrigeration. 

Vacuum: to 80,000 ft. with auto- 
matic control of temperature 
compared to pressure for dive 
and climb similitude. 

Size: 6x 4’x 4’ to as large as 10’ 
x10" x 50’. 

Humidity: manual or automatic 
control in range between 20°, 
and 95°, R.H. 


A 
77 
WwW 


ACCESSORY INSTRUMENTS 


Special Recording Pyrometers 
Manometers and Altimeters 
Vertical Speed Indicators 
Oximeters 

Instrument panels and switchboards 


LACK 
} 
es through 
7 etack 
standard b] 
t eet 
r . on- 
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TRIMOUNT MANOMETERS 


watchmaker’s type No, 2 


bodies a number of features w} 
exceptionally suitable for use iy 


Typical air- 


craft 


test 


panel setup in- 
corporating 


ee 


ana caliente 
se oe 


iiss aianecae 


—FOR EVERY PRESSURE-TESTING 
APPLICATION 


RIMOUNT builds a complete line of 

manometers for engine testing, air- 
craft applications, etc. These accurate, 
durable instruments include Well Type, 
Fixed Scale U-tube, Sliding Scale U-tube, 
Periscope, Service Type, Inclined and 
special manometers. Thousands are used 
by leading manufacturers. Also Indicat- 
ing Flow Meters, Tank Level Gages, etc. 


gay sane ta ala Sa 


Write today for descriptive CATALOG. 


yin 


cams sea ea 


408 S. Plymouth Court, Chicago, Illinois 





FOUR-RANGE RHEOSTAT 
WE MANUFACTURE: 
Tubular Rheostats with Lub- 
ricated Slide Contacts. 
Four-Range Rheostats. 


Rotary Drive Rheostats for 
Switchboard Mounting. 


Table Rotary Drive Rheo- 
stats. 


Vertically Mounted Table 
Rheostats. 


Adjustable Resistors. 


PROMPT DELIVERY 


~ 
KR, Slat te 


BALDWIN ,L.I1., N. Y. 


| WRITE FOR CATALOG “ 
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Trimount 
Manometers. 


Fig. 1 


tories and instrument 


Instrument Lathe 
New “Aeropoint Victory Moc 


Precision 
lathe em. 
make it 
MOPS, fac. 


collet 


organizatior 


particularly for field repair applications 
The lathe head or spindle, by means of a, 


eccentric and raising block 


Fig. 2 


bed so that it may be removed 


to any standard watchmaker’s lath¢ 


clamps 


to its 


and fitted 
bed or 


it can be placed in a milling or vench vise 
for various operations such as slotting, saw- 


| 
| 


Fig. 3 


ing, filing, ete. 
for the head stock spindle permits 


(see Fig. 2). This new 


variety of applications; has collet capa 


for standard watchmaker’s No. 
chucks up to a capacity of 3/16 
the spindle body. Head stock spind! 
struction is similar to that of the 
watchmaker’s lathe head with taper 
justable hardened ground 


bearings, 


(Continued on Page 
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Lathe 


Mod, ues ‘ 
collet aaa {Sion 
J © em. 


es : 
Wi CURRENT DEVELOPED 


make i+ ICKY 
i FAG us BY THERMOCOURLE 


IPS, far. ’ Det . 7 5 ata 
wheelee § “Electronic Principle” = ee ee | 
GIVES CLOSER y\ ge 


TEMPERATURE 
CONTROL... 


use ir 


THERMOCOUPLE Y yaa ea re SM | 
HOT JUNCTION -* TO REC STROLLED J 
JINCTIC cc u 








The diagram above shows how Wheelco’s “Electronic Principle” 
Control has been combined with millivoltmeter to provide closer 
eae control than is possible with any mechanical type temperature con- 
ee troller. 
It applic itions 


by means of a) Temperature change at thermocouple hot junction (1) causes coil 
Clamps to its — : (3), carrying temperature indicating pointer (2), to move. When 
on hens 16 no interlocking of control point, determined by temperature setting index (8), is reached 
- any kind between the meas- by indicating pointer the flag (5) is between the pick-up coils (6). 
— rol manag teat vo The change in the inductance of the coils, caused by passing the flag 
i thd action. Net only dees between them, effects a variation in the current input to electronic 
closer, faster control result tube (10) which is reflected in a variation of the tube output. Tube 
from this arrangement, but output is used to operate relay coil (12) which pulls down or re- 
| ge cele cana leases relay arm (13) which in turn, opens or closes micro-switch 
measuring system is not re- (14) to establish control of valve or other mechanism (15). 
tarded or effected in any way 
by the control operation. 


Complete informa- 
tion available on 
“Electronic Princi- request — write ° 


ple’’ Controllers in- today. - F “a 
clude a wide range 833 W. Harrison Street Chicago, IIlinois 


of temperature con- 
trollers and _ special 


caubreiiors. Originator of “Electronic Principle” Temperature Controls 





Dd 


ed and fitted Re fs Rs : : 
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slotting, saw- 





These engineers can help you quickly 
— at no cost or obligation 


If you want to cut your degreasing costs and speed up your metal-cleaning work—if 
you have a difficult metal-cleaning job that’s giving you trouble—get in touch with us 
at once! There is a lot more to solving a degreasing problem than just buying some 
new degreasing equipment. Our engineers travel from coast to coast working on every 
possible type of metal-cleaning operation. They have licked some problems that were called impos 
sible. They are specialists in degreasing with many years of experience in that field. They will 
tackle any job—without a penny of cost or obligation to you—and we mean just that! Write to- 


day telling us what your problem is—and you will get quick action! 


PHILLIPS MANUFACTURING COMPANY, 3412 W. Touhy Ave., Chicago, Illinois 


2 collet e < MANUFACTURING 
= | 3 o COMPANY 
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“Rush new motor Air Ex. 
press” was the order a sup- 
plier received at 9 a.m. Ready 
for pickup at 10, it was taken 
to the airport, flown hundreds 
of miles to destination .. . and 
installed on a vital war job 
that same afternoon. 





Shipments ready for morning 
pickup but held for “late 
afternoon” routine, may be 
subject to delay. Heavy, peak- 
hour traffic may keep them 
grounded until a midnight or 
early morning plane. 





(ot CHSTEST delitesy-Ar Eqoress!/ 


To move emergency parts and critical 
material at 3-mile-a-minute speed, 
Air Express is on the job around the 
clock—not only on the home front, 
but working hand in hand with Army 
and Navy Air Transport services to 
supply our fighting fronts throughout 
the world. 


You can help us give you the most 


Wh 













This moror ll on the ¢ fob 










efficient service in two important 
ways: SHIP EARLY—as soon as ship- 
ment is ready—to assure fastest de- 
livery. PACK COMPACTLY—to conserve 
valuable space. Get our handy “Ship- 
ping Estimator” for finding costs and 
transit time. Write Dept. PR, Railway 
Express Agency, 230 Park Avenue. 
New York City. 


Gels there- FIRST 


Phone RAILWAY EXPRESS AGENCY, AIR EXPRESS DIVISION 
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Representing the AIRLINES of the United States 


| 
| 
| 
| 


sion spindle, etc. In addition, p, 
sealed against outside abrasiy 
grit. New Victory Model Lath: 
with various accessories, includ 
set of collet chucks numbering 
through eighty, various cement pb; 


‘rings ar 
dirt and 
AVailab} 
COmplet, 
rom on: 


AS8ies, po, 


collets, wheel chucks, standard drij] Chucks 
jumbo chucks, jewel chucks extensin, 
chucks, etc. (see Fig. 3).—tTh, Leropoiy 
Co., 600 South Michigan Ave., 0} cago, | 


Cathode-ray peeoacons 

New “Model 553” 3” cathode-ray ox lo. 

scope is said to fill the need for an extepg, 

frequency 3” oscilloscope with greater sen. 
sitivity. Its compactness, limited weigh: 


SOL ar 





it a portable field instrv- 
ment. Power consumption is 50 watts, low 
enough for field work. All controls and 
terminals are located on front panel, Switch- 
ing arrangement permits applying input 


construction make 


either directly to deflection plates or to in- 
put of the amplifier. Position and stabk 
locking of image can be obtained wit 
either the vertical signal or any external 
signal. High gain amplifiers use televisi 
tubes for maximum sensitivity. Built-ir 


sweep has the greatest range (15 to 22,(/ 
c.p.s.) consistent with good linearity. Othe 
Specifications —Input impedance: throug! 
either amplifier 0.5 Megohm 20 mmfd 
without amplifier 2.2 Megohm 40 mmf 

Deflection sensitivity: through either ampli- 
fier (max. gain) 0.6 r.m.s. per inch, with- 
out amplifier 35 r.m.s. per inch. Amplifier 
frequency response +3db, 20-100,000 cycles 
Intensity control controls bias on grid of 
cathode-ray tube, which in turn determines 
electron emission from the cathode, t! 

controlling size of spot. Focus control regu- 
lates potential between first and 
anodes, with constant potential on 
anode. Vertical amplifier control is a 50!,- 
000-ohm voltage divider in input circuit of 
vertical amplifier; its position determines 
what fraction of the signal is impressed 0! 
grid of amplifier, thereby controlling appar- 
ent gain of amplifier. Horizontal amplifie 
control, likewise, determines what fractio! 
of the! “time axis” voltage is amplified 
Coarse frequency control is a five-positio! 
rotary switch which selects the capacito 
value for the “time axis” generator, thereb 
controlling the generator frequency. Fin 
frequency control is a 2-megohm 
in series with the 
tor; permits a gradual change of frequen 
within the limits of the coarse frequen 
selector. Sync. 
age divider in the grid input of the lin 
time axis generator ; 
fraction of vertical signal impressed on U 
“time axis’’ generator. I 
to lock the image. Beam controls are 25! 
000-ohm resistors; their positions vary t 
potentials between the deflecting plates 
thereby allowing spot to be moved to 4n 
position on screen. Vertical amplifier swit 


secon 


secon 


connects the “vertical input” binding posts 
deflecting plates © 


to the 
tube, or to the 
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coarse frequency capaci- 
control is a 15,000-ohm volt- 
its position determines 
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THE PERKIN-ELMER CORPORATION 
Presents 
ITS CREDENTIALS to INDUSTRY 















In the field of science The Perkin-Elmer 
Corporation name is one of utmost 
familiarity. In its work for astronomical 
observatories and scientific laboratories, 
it has been able to achieve accuracy of op- 
tical systems never previously achieved. 


In engineering for industry The 
Perkin-Elmer Corporation was one of the 
few concerns to apply the science of ad- 
vanced optics to the problems of Amer- 
ican manufacturing. Prior to the outbreak 
of the war, its files disclose a varied and 
surprising list of accomplishments. 


To help win the war Perkin-Elmer 
cheerfully and wholeheartedly answered 
the nation’s call to drop everything else 
and go to work for the Armed Forces. 
The Perkin-Elmer Corporation was one 
of only three companies in the field of 
precision optics to win the Navy E for 
excellence and ingenuity in production of 
precision optics. It was later replaced with 
the joint Army-Navy E award with star. 


After Victory Perkin-Elmer invites in- 
dustrial executives to investigate the ad- 
vantages of the optical approach to count- 
less problems of production and control. 
No other branch of applied science 
holds greater promise for the future. 
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MODEL RTC-1 Mechanical 
Refrigeration. Temperature 
Range, —55° C. to +70° C. 
Usable Interior, 28.7 cu. ft. 














Embryo pilots must under- 
go final strict tests in Pre- 
Flight Training Schools 
before they earn their cov- 
eted Wings. So must the 
performance of your Air- 
Borne Equipment be pre- 
tested before going into 
active service under strato- 
sphere conditions. 

AMCOIL Test Chambers 
provide an opportunity to 

insure compliance of delicate instru- 
ments and electronic equipment with high 
and low temperature specifications prior 
to their use. AMCOIL completely auto- 
matic temperature test chambers combine 
mechanical refrigeration and electric heat- 
ing, thermostatically controlling low and 
high temperature ranges from —70° to 
+70° C. (—95° F. to + 160° F.). They have 
an exceptionally fast rate of pull down, 
(ambient to minus 50° C. in less than one 
hour, without productive load). Test con- 
ditions are easily controlled from a front 
panel board. Door has five thicknesses of 
glass, hermetically sealed and protected 
against moisture seepage, thus assuring 
clear visibility always. 

Cubical contents of AMCOIL chambers 
range in size from 7 cu. ft. to 28.7 cu. ft. 
and are available with either mechanical 
or dry ice refrigeration; also special cham- 
bers for altitude and humidity testing. 


@ An AMCOIL Engineer will gladly 
advise the correct type of Chamber 
to assure full compliance with high 
and low temperature specifications. 
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Until the Light Shines Again 


WE MUST KEEP ON MAKING THERMOMETERS FOR 
UNCLE SAM AND FOR VICTORY 


These thermometers must be made to the same high stand- 
ards for which Palmer Thermometers are famous because 
only GOOD thermometers will help to win the war more 


speedily. 


In the meanwhile, REMEMBER Palmer Quality means: 
|—Easy-reading 'Red-Reading-Mercury" 
2—Guaranteed permanent accuracy 
3—Constructed for long life. 


(Catalog sent on request) 


i 


THE PALMER COMPANY, Mfrs. 


INDUSTRIAL, LABORATORY, DIAL & RECORDING THERMOMETERS 


2511 Norwood Ave., Cincinnati, Norwood, O.—Canadian Plant: King & George Sts., Toronto 











MANUFACTURING 
RIGHTS WANTED 


Ww 


Independent manufacturer 
with complete engineering 
and research staff, produc- 
tion facilities, and interna- 
tional industrial sales organ- 
ization wishes to develop new 
markets and products, pat- 
ticularly steam plant or allied 
process apparatus and in in- 
strument and control fields. 
Write brief letter. Address 
Box 78, c/o Instruments Pub- 
lishing Co., 1117 Wolfendale 
Street, Pittsburgh, Penna. 








Page 312—I nstruments—Vol. 16 


Model 21 


Here is a compact accurate hand 
tachometer that makes it easy to meas- 
ure speeds. RPM and surface speeds 
are instantly indicated on the large 
easy-to-read dial. 

Single and triple range models com- 
plete with accessories and carrying 
case. Single ranges up to 10,000 rpm. 
Triple ranges up to 12,000 rpm. Write 
for descriptive bulletin today. 


Associatep Rest RCH 





the vertical amplifier. Horizon 
switch connects horizontal am] 
to internal time axis generato 
ternal sweep. It furthermore pe 
nal or external synchronization, 1 
clockwise position, it connects 
zontal input” binding posts direo 
deflecting plates.—Radio City Pro 
Inc., 127 W. 26th St., New Yori 
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Flow Indicator 
New “Rota-Sight” is for floy indication 
in any application where an approximation 
of flow rate is an operating aid and neces. 
sity. It shows when a liquid or £as is pags 


ing through a line and has an indicating 
float which moves up and down in a pyrex 
tube in direct proportion to flow. Flow- 
measuring principle, however, is different 


ALTERNATE 
OUTLET 


INLET 
=» 

















ALTERNATE 
INLET 


from that of Rotameter, as response is ob- 
tained by the uniquely designed pyrex tube’s 
triangular V-ported flutes, constituting 
variable area meter giving a wide rangt 
over a short scale length. “‘Rota-Sight” is 
sensitive to low flows and informs operator 
the second the flow starts. Float is readil) 
visible even through opaque fluids. Meter- 
ing tube is 3” overall and fittings are hollow 
so that flow may pass through them. There- 
fore “‘Rota-Sight’”” may be connected for flow 
passage in several ways. Tube may be en- 
graved for checking one flow rate or fo! 
holding flow between a high and a low 
rate; or an arbitrary reference scale may be 
provided. To give visible or audible alar! 
against dangerously low or high flows, in- 
strument may be equipped with a magneti 
float extension which trips a magneti 
switch. High and low alarm positions aré 
adjustable over entire flow range.—Fischer 
&€ Porter Co., 924 County Line Road, Hat- 
boro, Pa. 


Precision Coil-turn Counter 
New precision coil-turn counter for lab- 
oratory or factory use employs same Cll- 
cuit as its predecessor but is more con pact 
in design and incorporates a magnetizing 


(Continued on Page $14/ 
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Just published ... bulletin number 118... describes and 


ates simply and clearly the basic principle and’ & 
foolproof functioning of Askania's Jet Pipe. 


Inasmuch as the jet pipe principle is the very heart B: 

of Askania’s Automatic Control Systems, it behooves 7 
to gain a comprehensive understanding of the a 

very fundamental upon which Askania’s advantages 4 
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ngineering Company is proud to receive the Army-Navy “E” award 
for great accomplishment in the production of war equipment. We realize that 
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flows, in- 
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magnet 


this award carries with it not only honor, but a responsibility. The manage- 
a — 


itions aré 
— Fischer 


oad, Hat- 


ment and personnel of The Arnold Engineering Company will continue with the 


same high devotion, energy, and skill to turn out products for the war effort. 


HE ARNOLD [NGINEERING (OMPANY 


147 EAST ONTARIO ST. + CHICAGO, ILLINOIS 
ame cit- Specialists in the Manufacture of 


ALNICO PERMANENT MAGNETS * CAST ARMOR « SPECIAL ALLOYS 
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BLOWER-MIXER 


These POWER UNITS are ideally suited 
for industrial applications. They feature 
built-in limit switches and a high torque 
motor with gear reduction, oil submerged, 
for long life and dependable operation. 
Control action may be governed by a 
recording or indicating controller or 





other contact making control instru- 
ments. POWER UNITS are available 
for “on-off”, floating, and proportion- 
ing modes of control, including pro- 
portioning with manual or automatic 
resetting. 


While for Bulletin B-1912 ‘POWER UNITSY 





HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 35 years. 






In general use for 
specification pur- 
poses. Simple, 
sturdy. Compara- 
tively inexpensive. 









Illustrated 
bulletins 
free. 





The Shore Instrument 
& Mig. Co., Inc. 


9025 Van Wyck Ave., Jamaica, N. Y. 











ON WESTERN PRODUCTS 


My ; thie sce ah © 
<7 2 an’ 
UM maAINTEN 


1202 ROCK STREET 


BARBER-COLMAN COMPANY iockroro, ninois 





RUBICON PORTABLE 


PRECISION POTENTIOMETER 





Available in a number of double-range 
combinations, such as 1 volt and .i volt, 
100 MV and 10 MV, also in pH ranges. 
Guaranteed accuracy .1%. An outstand- 
ing value. 

Described in Bulletin 270 which also 
describes Rubicon High Precision Type B 
Laboratory Potentiometer. 

We also make galvanometers, colorim- 
eters, permeameters, Wheatstone and 
Kelvin Bridges, resistance standards, coil 
testers, acronographs. 


Descriptive bulletins available on request 


RUBICON COMPANY | 


Electrical Instrument Makers 
Ridge Ave. at 35th St., Philadelphia, Pa 
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current control box which great 
installation. New counter is 
checking or determining effectiv; 
coils, from 1 to 11,110 turns, 

80 to 100 coils of like specif 
hour. New coil-turn counter 

magnetizing current control box, 
light-beam galvanometer, two 
rods, a galvanometer control Panel, and 
foot-operated switch—all conveniently , 
sembled for operation on a tab] or bened 
Operation: Coil to be tested is placed fo 
test rod and connected to test lips. Dig 
on galvanometer control panel ire set 


Y simplifig 
ipable 
turng 
4 Tate 
UONS pg 
npriseg 
bortah 
yoked te 









number of turns the coil should have: foot 
switch is pressed: If galvanometer dial 
shows a deflection, dial readings are ip. 
creased or decreased until deflection is zer 
Dial reading is then the number of turns 
When probable number of turns in a coil j 
not known, a trial reading is taken anj 
dial is adjusted until galvanometer reading 
is zero. Instead of being mounted separate] 
as with previous counter, reference coils of 
new counter are enclosed in galvanomet: 
control case while test rods are mount 
Better protection for reference 
coils and more compactness result. In addi- 
tion, this arrangement allows productior 
coil to rest close to reference coil wit 
which it is compared. Use of a magnetizing 
current control box simplifies installation 
since no additional wiring is required 
simply plug in connecting cord of box. Mag- 
netizing circuit is designed to operate fro: 
a 120-volt d-c. supply when used with 
resistor furnished as part of control box 
or from a 20-volt storage battery without 
resistor. Accuracy of counter is one tur 
in a thousand for coils having air cores at 
least 5%” diameter, an outside diameter 
8” and less, a coil build-up to 25” and y 
to 6” in height. Accuracy is not as high for 
coils outside these limits.—Special Products 
Section, General Electric Co., Schenectad 
N.. 2s 


on case. 


Precision Frequency Meter for 
Megacycle Ranges 

New “Type S-2” frequency meter has 4! 
accuracy of better than 0.005%, yperates 
on a.c. or d.c., is designed for checking fre- 
quencies in any five bands (26 to 500 k 
wide depending 
location in spec 
trum) from 15 ¢t 
60 Mc. A_ 100-k 
crystal is used as 4 
secondary standard 
Its frequency may 
be checked readil 
against Nationa 
Bureau of Stand- 
ards’ Station WWY 
or any reliable 
broadcast station 
operating on a mul- 
tiple of 100 ke. Ex- 
tremely stable elec 
tron-coupled oscil- 
lators are used t 
cover a band of fre 


(Continued on Page 316 
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| PERMANENT 


a table or bean 
placed yell 
. test Clips, Dia / 
| 


panel 


Wren properly designed for each 

application, the permanent mag- 

net, as made today of today's improved 

magnet steels, offers real opportunities 

for saving the user substantial amounts 
in power costs, 


For example, the recently perfected 
steels, ALNICO and NIPERMAG with 
their powerful energy contents, permit 
the use of much smaller permanent 
magnets than hitherto has been pos- 
sible. Yet they can do the work of elec- 
tro-magnets without the latter's attend- 
ant power costs. 


Cinaudagraph Engineers have made 
permanent magnets their specialty for 
many years. They will be glad to help 
you design the best type of magnet 
for your equipment and then produce 
it in any quantity needed for your 
production program. 








CINAUDAGRAPH 


CORPORATION 


STAMFORD, CONNECTICUT 











Widest variety of signal 
input connections. Signals 
can be connected directly 
to deflection plates of 3” 
cathode-ray tube when fre- 
quencies are above useful) 
limits of amplifiers. 


* 


Y-axis or vertical deflec- 
tion response uniform 
from 20 c.p.s. to 100 kilo- 
cycles. Both with distor- 
tionless input attenuators 
and gain controls. 


7 


Y-axis amplifier has input 
connection for test prod 
and shie'ded cab‘e reduc- 
ing input capacitance and 
eliminating usual stray 
pickup. 


* 
All high-voltage electro- 
lytic capacitors are elimi- 
nated from circuit. 


* 


144%,” h.; 83%” w.; 154%” 
d.; 49 lbs. 











TYPE 224 


DU MONT 


Lae Cab 


FREQUENCY RESPONSE 
TO TWO MILLION CYCLES! 


% Out of the flaming crucible of war which 
tries equipment as well as men’s souls, 
comes this new DuMont Type 224 Oscillo- 
graph. 


First and foremost, its wide band Y-axis 
amplifier permits study of signals of fre- 
quencies far beyond the range of standard 
oscillographs. It has a comparably faithful 
square and sinusoidal wave response. Sec- 
ond, it is a more versatile oscillograph, pro- 
viding extreme variety in the application of 
signal to the cathode-ray tube. Third, it is 
housed for severe service out in the field as 
well as in plant or laboratory. Protective, 
removable cover safeguards panel and con- 
trols when not in use, especially in transit. 


These and other attractive features make this 
war baby outstanding among oscillographs. 


Write for Literature 


















ALLEN B. DU MONT 
LABORATORIES, Inc. 


Passaic * New Jersey 
Cable Address: Wespexlin, New York 
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Jere INSTRUMENTS 


NST 
pripety EU : 


ation 1S 


, Note 


A WORD ABOUT DELIVERIES 


Naturally deliveries are subject to necessary 


priority 


est Me Ate Com eleeihelmilite Me mecelce Biome hcoe s 
jitiously as may be consistent with America’s 


lar effort 


TRIPLETT ELECTRICAL INSTRUMENT CO. . 





TEST MAGNETIC 
PROPERTIES OF 
YOUR STEELS 


THE ONLY SINGLE BUTTON 
ELECTRICAL RETURN FLUXMETER 


SIMPLEST AND MOST EFFICIENT 
Bulletin 504 
THREE DIFFERENT STYLES 
Portable Standard with single 
electrical zero return. 


Switchboard Type with above 
zero feature located on flexible 
lead for bench operation. 


Two Button Pointer Shift in 
place of our patented standard 
zero return at a lesser cost. 


Acknowledged leaders in 
development of bigh sensitivity meters 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 


110 POTTER ST. CAMBRIDGE, MASS. 


Branch: 15 East 26th St., New York City 
Representative: E. N. Webber 
1313 West Randolph Street, Chicago, Ill. 








. . BLUFFTON, OHIO 


ZEISS 
HEADBAND 


ag %y 

MAGNIFIER ago 
Leaves hands free ¥. 
Use of both eyes reveals true depth of 
details, Magnification of 2%x. Free 
working distance, 8” to 10”, permitting 
unhindered use of hands. By just lifting 
your head, your eyes are free for any 
other activity. Eyeglasses may be worn 
while using. Highest optical quality. 
Black Tenite plastic—practically un- 
breakable. 


ZEISS Aplanatic 
Folding Magnifiers 


In bakelite mounts. 

Wide field, high lu- 

minosity and excel- 

lent definition for 

close-up examina- 

ion. Two types: A 

6-power magnifier consisting of an aplanatic lens 

system . . . A 9-power magnifier which, has the 6- 
power system and a 
3-power lens. Both 
may be used singly 
as 6x or 3x magni- 
fier or in combina- 
tion, resulting in a 
9-power magnifica- 
tion 


Write for literature 


CARL ZEISS, Inc., Dept. HN-49-5 
485 FIFTH AVE., New York 
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| crystal oscillator. Slight adjustn 


quencies from 25 to 500 ke. wid 
quired frequencies are included 
narrow bands. At least two po 


Ints on 
band may be checked against any 


the 109 ke. 


: ents of th 
variable oscillator by means of a tront 


panel control are made when ne essary, 7 
facilitate zero beat adjustments, q tun 
eye is employed. A phone jack is provided 
so that zero beat may be indicated aural} 
as well as visually. Tuning eye is employed 
both in checking the variable Oscillatop 
against the 100-kc. crystal and the trang. 
mitter against the variable oscillator It 
may be used also to check transmitter fre. 
quency deviation. Checks on the transmitter 
frequency may be made rapidly (average 
time less than a minute). Accuracy: There 
are 200 divisions on the main 54” tuning 
dial, Reading to % division is entirely fegs. 
ible. At 1500 ke. this provides a reading ap. 
curacy of 0.004% with a band spreaq of 
25 ke. Same accuracy at 30 Mc. is obtaineg 
with a band spread of 500 ke. The calibra. 
tion curve is drawn in the laboratory py 
means of a frequency standard whose ap. 
curacy is better than 5 parts in 5 million 
and which allows check points every 10 ; 
Line voltage changes of 10% have a negiligi. 
ble effect; temperature error for change of 
10°F., 0.002%. Time to reach operating 
temperature, about one hour. Means ay 
provided for changing crystal frequen 
slightly so that it may be adjusted to ; 
parts in 5,000,000 against WWYV by zen 
beat method.—Browning Laboratories, In 
Winchester, Mass. 


Automatic Starter for Internal- 
Combustion Engines 


New “Autotrol” has been designed for 
automatic engine starting and control; for 
emergency standby and remote-controlled 
generator sets for automatic operation \ 


¢ 


engine-powered equipment. It is said 
make engines as adaptable to control 4s 
electric motors. Its specific functions ar 
described under seven headings: (1) Igni- 
tion—Provides ignition circuit or fuel sup- 
ply control. (2) Choke—Provides automatic 
choke during starting and warm-up period 
(3) Auxiliary Fuel Supply—Provides powet 
to operate auxiliary fuel pump during start: 
ing. (4) Overcranking Protection—Provides 
five cranking cycles. If unit fails to start 
after five times, “Autotrol” stops further 
cranking and lights signal “Start Fail. 
(5) Engine Safety Controls—Provides fo! 
the use of oil pressure failure, water tem- 
perature and other safety protective de 
vices. Automatically removes these fro! 
the circuit during starting period. If engin 
is shut down by these cutouts, a signal light 
indicates “Cutout Fail.” (6) Parallel Pro- 
tection—When engine-driven generators 4!" 
operated in parallel, provides means 
opening magnetic switch on generato 
case of engine failure, thus preventing gen- 
erator from “motoring” on the line. (7) > 
(Continued on Page $18 
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nain 514” tuning 
| 1S entirely feas. 
es a reading Clare Type C d.c. Relay 
banc | 


1M | Spread of 
€. 18 Obtaine, : 
ke. The len’ This rugged multiple-contact relay 


€ laboratory }y fmmermits innumerable contact arrange- 
dard whose g.[mpents. Permits designing to small 
rts in 5 million, fie, with a lesser number of relays; 
nts every 10 \. MMpd facilitates maintenance. Adapted 
> have a negligi. Mr use in electronic control devices 
rT for change of find for sequence control and inter- 
re eerste bcking operations. Ideal where un- 

* Means ar Mual arrangements of relay control 


ystal frequenr r 
ue . Here are the reason : 
adjusted to +; e desired. Here are sons why 


WWYV by = , Contact springs 
borat by 2€r0 Minploying any of the 
atores, In ms illustrated can be 


ish 


r Internal. »)) es 


gines 
1 designed for 


nd control ; for Spring pile-up in- 
mote-controlled [placors of heat treated 
C Operation of Mmpakelite which permit 
unching without 
cks, have minimum 
lold flow and low 
hoisture absorption 
iontent, Assembly 
Dcked together under 


yossane S aeees 3. Twelve different 
ibis tote standard or special 
. types and sizes of con- 
tacts can be furnished. 
Contacts are overall- 
welded to nickel silver 
springs. Sizes range 
from .062” silver, rated 
one ampere, 50 watts, 
to .1875” tungsten, 
rated four amperes, 509 
watts, 


» Spring bushing in- 
wlators are Bakelite 
od made by a patent 
rocess, Strong, hard, 
long wearing. Essential 
: here heavy contact 
t is said t essures are employed, 
to control as here vibration exists, 
t heavy duty service 
s desired. 





‘unctions ar 
ss: (1) Igni- 5. Armature assembly 
or fuel sup- single or double arm. 
les automatic Has stainless steel shaft, 
: 5 operating in a marine 
m-up period = brass yoke. Heel piece, 
ovides power ‘ | coil core and armature 
during start- 4 are magnetic metal care- 
on—Provides fully annealed. De- 
, signed for d.c. service. 
ails to start 3 
tops further 6. As illustrated, relay 
e “Sores has octal base plug 
Start Fail.” mounting for easy serv- 
Provides for ice and replacement. Other mountings, and 
water tem- ee tkelite or metal wa, can be supplied. 
. o se 

meectiv : . This relay is an example of Clare “custom-built” 
these fro! design and construction. Clare engineers can 
d. If engin custom build’’ a relay to meet your specific re- 
signal light tone that will reduce your overall 
arallel Pro- relay Cost and simplify your design problem. Write 

‘ for catalog and data book. C. P. Clare and Co., 
nerators are #4719 West Sunnyside Avenue, Chicago. 

means 


ern CLARE RELAYS 


renting gen- 
; “CUSTOM-BUILT” Multiple Contact Relays 


ine. (7 
Pag for Electrical, Electronic and industrial Use 






























































STROMBERG 
7 TIMERS 


for EVERY INDUSTRIAL NEED 


Stop waste ... Substitute mechan- 
ical precision for guesswork .. . 
Save precious material and man 
hours ... Improve quality and in- 
crease production with reliable, 
automatic Stromberg Timing In- 
struments. 

Ruggedly constructed for heavy 
service. Sealed to exclude dust and 
moisture. Not affected by temper- 
ature changes. Easily set for 
any time interval within the dial 
range. Makes or breaks an electri- 
cal contact at the end of each 
cycle. A glance tells the interval 
set, the time elapsed and time yet 
to run. During operation, the time 
interval cannot be altered. Dial ranges are available to fit 
any application. 

The No. 55 Process Timer runs for the time interval set, 
makes and holds a contact until it is reset and restarted. 

The No. 57 Automatic Repeating Timer makes a contact 
at the end of the interval set, automatically returns to zero 
and begins a new cycle—repeating 
this program until stopped or 
changed. 

Use Stromberg Timers to ring 
signal bells, light signal lamps, 
start and stop electric motors, re- 
verse drafts, open and close 
valves. Thousands are in use to- 
day in steel plants, tool industries, 
rubber processing plants and in 
baking, preserving, tanning, en- 
ameling, plating and heat treating 
processes. 

Write us for complete informa- 
tion. Our engineers will be glad to 
study your problem and make 
recommendations without obliga- 
tion to you. 


STROMBERG tine convorarion 


109 LAPARRe st 2 STR ET NEW Ter a; 8. 





No. 55 Process Timer 





No. 57 Automatic 
Repeating Timer 
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E. H. Sargent 
Polarograph”’ 
running Bodine 


Company’s 
is operated by a 


“Heyrovsky 
smooth 


reducer motor 


speed 

















BODINE 











PHOTOCELLS 


(Barrier-Layer Type) 
of highest sensitivity 


© Great variety of sizes and shapes 


® Unmounted or mounted in vari- 
ous styles of casings 


® Full cooperation regarding ap- 
plication and circuits 


PHOTOVOLT CORP. 


95 Madison Ave. New York City 


Write for literature also on 


Colorimeters Smoke Meters 
Reflection Meters Haze Meters 
Fluorescence Meters 
Electronic Photometers 
Street-Lighting Meters 
Continuous-Flow Colorimeters 
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Instrument onal 


A wide sizes and specifi- 
cations make it possible for Bodine 
to supply standard-type motors engi- 
neered to each individual application. 
Quality materials and high standards 
of workmanship insure the dependable 


operation that has caused many in- 


variety of 


strument. manufacturers to standardize 
on Bodine motors. Bodine Electric Co., 
2244 W. Ohio St., Chicago, Illinois. 


FRACTIONAL 
HORSEPOWER 


Today Precision Must Be 
Commonplace 


American fighting men on our fighting fronts de- 
pend upon production line accuracy . . . for ten- 
thousandths of an inch variation on the production 
line can mean the difference between a hit or a 
miss on the battleline. 

The Bausch & Lomb Contour Measuring Pro- 
jector makes such accuracy possible on the fastest 
moving production lines because it takes many 
vital inspection jobs ‘ ‘off the surface plate” and 
eliminates the tedious, time- -consuming computa- 
tions of the “‘sine bar.” Inspections for accuracy 
become routine jobs. 

Throwing an accurate, sharply defined shadow 
image of the object under examination on a trans- 
lucent screen, the B&L Contour Projector permits 
exact measurements or comparison with an en- 
larged template drawing at magnifications great 
enough for easy and accurate dimensioning. 

Here again is a Bausch & Lomb Socgeae de- 
velopment that serves America at . The B&L 
Contour Measuring Projector is hetaing speed 
production of fighting tools for our fighting men. 


For Bausch & Lomb Instruments essential to 
Victory—priorities govern delivery schedules. 


BAUSCH & LOMB 


OPTICAL COMPANY « ESTABLISHED 1853 





lective Control—Selective 


proy 


for both manual and aut 
“Autotrol” uses a high-tora tag, 
motor obtaining a-c, power . _ 
battery through a vibrato: tag 
thus eliminating thermal tin, lave * 
time cycle remains consiant 60 > 
battery voltage, thus gua 5 
functional failure due to loy Beg 
age. “Autotrol”’ is made ir diftes 
styles to accommodate macy batt 
and Diesel ignition engines, wid 
several styles of cranking ff a 
Start and stop may be cont led fror 
variety of devices, such as: R te mar 
station, power failure relay heated 
pressure switch, temperatur: witch, ¢ 
switch, electric light load, or lio sigy 
Pacific Enterprise Products Co.. 282) 3 


Eleventh St., Los Angeles, Ca 


‘ 
Megohmmeter-ohmmeter. 
voltmeter 
New “Model 201 Vibrotest” insulatioy 


resistance tester has ranges of 0-200 me 
500 volts potential as 


2000 















ohms at 
and 0- 


megol 


metel ohms as an 


nmmeter 


also voltage ranges of 150-300-600 volts a¢ 


and d.c. Instrument is described as 


American-made crankless megohmmet 


which through the use of a r« 
chronous vibrator 
at the terminals.” 
bleed-off 


fined syr 
system delivers 
One 


resistor 


500 volt 
potential 
features is a 


of exclus 
which effe 





% Al 
cont! 
ings 
end-} 
semt 


from any 
disconnecting 


tively protects operator capacitive 
charge and shock when 
leads from a circuit just tested. Possibili 
of error in readings due to surface leakag 
is eliminated by a guard circuit on one 
terminal. Scale is said to be unusually longiidem, 
and exceptionally legible. Indicator has lock: 
rugged permanent-magnet moving-coil typ Ex 
of movement. Instrument has substanti prec’ 
metal case with space in metal cover for ance 
pair of 5-foot test leads. Battery life is | 





_Meresis 
exceptionally long by reason of low curre! volt 
drain: under normal conditions, 12 to | . re 
months. Associated Research, Inc., 23! * ota 


now 












Green St., Chicago, Il. 


the | 
ment 


Crystal-controlled Frequency §*S 


Meters 


Four new models of “Telrad” 
meters are crystal-controlled and, b) 


frequency 
means 







of a class “C” harmonic amplifier circult 
embodied in the units, accurate frequency 
carrier signals are provided every 10 ke 
and every 100 ke. from 100 cycles to # 
megacycles. A carrier signal is also pre 
duced every 1000 ke. from one fn sacycle 
to 120 megacycles. A panel-mounted m-off 
switch permits use of a 1000-cycl modu 
lated note. New frequency meters said 
to be extremely easy to operate. No cai 


(Continued on Pa 


provid 

Contr 
Nchronoy 
he engi 
OnVerte 

relays, Ty 
‘rom 60% 


again 


ttery vol 
differ, 

batter 

logether wi 
cutoff contr 
ntrolled fron 
Remote many 
» Current rela 
re switch, tin 


mmeter- 


" insulation an 
Of 0-200 meg 
a8 a megohm 
an ohmmete; 
10-600 volts a 
‘cribed as ‘ 

> megohmmete 
a refined syn 
livers 500 y 

me of exclusiy 
or which effe 


any capacitive 
‘onnecting the 
ed. Possibility 
irface leakage 
ircuit on oné 
inusually longs 
dicator has 4 
ving-coil typ 
is substantia 
al cover for a 
attery life is 
f low current 
yns, 12 to 14 

Inc., 231 8. 


equency 


d” frequency 
nd, by means 
plifie: circuit 
ite frequency) 


every 10 ke 
cycles to 45 
is also pro 
re megacycle 
inted “on-off” 
-cycle modu- 
ters are said 
ate. No cali- 
n Page 3?! 


nf 


Yl 


eo 
a 


* An entirely new design for tandem 
controls, New mold provides unit cas- 
ings that nest and lock together. Metal 
end-pieces and tie rods insure rigid as- 
sembly—even up to 20 units in tan- 
dem. Single shaft passes through and 
locks with rotor of each control. 

Each section accurately wound to 
precise circuit requirements — resist- 
ance, taper, taps, hop-off. Interlocking 
resistance ratios provide any desired 
voltage or current at given degree of 
rotation. These Multiple Controls are 
now in regular production and meeting 
the most rigid multi-control ‘require- 
ments. 


[* Send us that problem... 


or Coo 
CLAROSTAT “, Lui 


LUMISTAT MEG. CO., ine, » 285-7 N. Gu» St., Brooklyn, W. . 


HATHAWAY TYPE S-12 
OSCILLOGRAPH 


An ultra-small, highly portable instru- 
ment—designed for uses where these characteristics PLUS excel- 


lence of operation are of paramount importance. 


Idealtor flight testing of airplanes, port- 
able geophysical work or field testing of any 
kind where extreme portability is desired. 


Only 18” by 9” by 8”—yet has 10 channels and records on 6” 
paper or film! e Galvanometers available covering wide range of 
characteristics; natural frequencies to 10,000 cycles. e Gear-driven 
recording, quickly adjustable from 1” to 20” per second. @ Simul- 
taneous viewing and recording. e ‘One switch’ operation, remote if 
desired. @ Accurate time-coordinate lines. e Daylight loading. 
© Automatic numbering and record length control, with continuous 
indication per foot of record used. e All controls on one panel on 
top. Write for added facts and prices to... 


HATHAWAY INSTRUMENT COMPANY 
1315 SOUTH CLARKSON ST., DENVER, COLORADO 
Orders Accepted Now for Early Delivery 


oi cise: Shicaooonar be tt 


LY YO INSTRUMENTS 


VARIOUS NEW MODELS 


Test Insulation the Modern Way nem nanees 
with a MODEL B-5 


MEGOHMER 


NEW BATTERY-VIBRATOR TYPE 


No more tiresome cranking of a hand-driven 
generator . . . Entirely self-contained, steady 
test potential of 500 volts DC, available at the 
touch of a switch. Direct reading in insulation 
resistance. 


HERMAN H. STICHT CO., INC. 


27 PARK PLACE NEW YORK, N.Y. WRITE FOR BULLETIN No. 430 
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NO AMPLIFIERS 
NEEDED WITH 
LUXTRON* CELLS 


® Prompt, highly efficient con- 
version of light energy into 
electrical energy is effected by 
Luxtron* Photo-Electric Cells. 


® Luxtron* cells develop suffi- 
cient current to operate instru- 
ments and sensitive relays with- 
out using auxiliary voltage or 
current sources .. . and without 
using amplifiers. 


WHICH MEANS LESS 
BULKY EQUIPMENT 


® The advantages of Luxtron* 
cells are told more fully in illus- 
trated, engineering literature 
available on request. Similarly 
available is consultation on spe- 
cial problems and applications. 


This pigtail- 
contact model 
is only one of 
a series of 
mountings and 
indicates only 
one of the 
complete range 
of Luxtron*® 
cell shapes and 
sizes available. 





* Reg. U.S. Pat. Off. 


LABORATORIES, INC. 
MEADOW STREET, NEW HAVEN, CONN 
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| 1839 S. S2nd Ave. 


GARCEAU VELOGRAPH 


DIRECT WRITING OSCILLOGRAPH 
Quintuplet Model 


(Inkless writing on electrically 
sensitive paper ) 


Designed for study of vibration in aeroplanes, 
analysis of pressure in rotating and reciprocating 
machinery, seismography, oscillographic analysis 
of welding and other electrical equipment oper- 
ating on commercial power line frequencies. 
This direct-writing oscillograph will operate in 
any position and in the presence of excessive 
vibration. Particularly adapted to automatic re- 
mote control operation. No fragile crystals, per- 
manent magnets nor moving coils. 


ELECTRO-MEDICAL 
LABORATORY, INC. 


HOLLISTON, MASSACHUSETTS, U.S.A. 
Makers of the Garceau Junior Electroencepbalograpb 





Small Electric 


Motors 
FOR ANY APPLICATION 


For more than 35 
Way has design and built 
small plain and back geared 
motors to satisfy the thousand 
varied needs of industry. Today 
SpeedWay’s long experience, 
mass production methods, and 


engineering genius are serving | 


the interests of mechanized war 
promptly and effectively. 


If you need small motors— | 


from 1/3000 to 1/3 h.p.—wound 
for A.C., D.C., or Universal 
operation—plain or back geared 
—in quantities of from one to 
a million—call on SpeedWay. 


Send specifications or re- 
quirements for recommen- 
dations and quotations, 


SPEEDWAY MANUFACTURING CO. 
Cicero, Ilinols 





| accuracy. 


| are available for 


ears Speed- | 





bration or tuning charts 
Carrier-output is fed into a 


| carrier frequency of “Telrad” 
| adjusted to zero beat with any 


primary standard or referen 
(such as WWV). This zero 
ment enables operator to mainta 

of the “Telrad” despite temperatur: 
tions, so that all harmonix 
emitted by the unit will be 
Special models design, 


TELRAG- 


ibe FARQeEREY FraWRARS 


under adverse conditions are available, 
equipped with two precision crystals groy 

to produce frequencies of 100 and 
1000 ke. and tested for efficient operation 
at temperatures from ~-35° to 55° C. and 
have temperature coefficients of maximun 


exact 


drift of only 2 and 3 cycles per megacyclk 


per degree Centigrade respectively. Models 
either a.c. or portabk 
battery operation.—Fred HE. Garner Co.,, } 
East Ohio Street, Chicago, Ili. 


Millisecond Time-interval Meter 


New time-interval meter for 
short intervals—as low as 100 microseconds 
measuring interval be- 
which can be converted 


extremel 


-is designed for 
tween two events 


~— 


into electrical impulses: between closing © 
two controls; between two impulses to 
phototube; between an electrical impul® 
and a light impulse. Instrument consists 
two units, an “electronic” panel and § 
phototube with its preamplifier stage; h@ 
eight ranges selected by means of a tal 
switch so that any interval between 0.00") 
second and 3 seconds can be m sured 
Direct-reading indicator is calibrate 
(Continued on Pa 
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When you want 
accurate and depend- 
able automatic temperature 
or humidity control forIndustri- 
al Processes, Heating or Air Cond- 
itioning Systems, call in a Powers 
-engineer. With over 50 years of ex- 
perience anda very complete line of 
self-operating and air operated 
controls we are well equipped to 
fill your requirements. 
Write for Circular 2520 
2734 Greenview Ave., Chicago 
Offices in 47 Cities—See 
your phone directory. 


THE 
POWERS REGULATOR CO. 





WEKSLER 


Production or Research 
Instruments 


Weksler Thermometers are scientific, precision instru- 
ments. Their rugged construction and lasting accuracy 
will merit your full confidence. Red Reading and Yel- 
low back Mercury tubes are standard in all V shape 
industrial thermometers. Indicating and recording ther- 
mometers are furnished mercury, vapor, or gas actu- 
ated. Dial indicating instruments are available in 4!/2” 
and 6” phenol condensate cases only, and recording 
thermometers in 10” chart size. There is a Weksler 
precision thermometer for every industrial need. 


"VW" Shaped 
Bronze Case 
Industrial 








Type 124 
Right Side Angle 





For information on 


Dial and Recording Thermometers, send for Catalog 300 DR 
For others, send for Catalog No. 115. 


Weksler Thermometer Corporation 
52-56 WEST HOUSTON STREET, NEW YORK, N. Y. 


Dial and Recording Thermometers 





Thermometers 
and 
Hydrometers 





Type 125 
Left Side Angle 














Help Wanted—Male 


Development engineer. To develop 
testing devices consisting of elec- 
trical and mechanica! elements. 
Should have held similar position. 
This position offers extremely inter- 
esting work to someone who would 
like to employ their ingenuity and 
talents in a wide range of endeavor. 
Job permanent. If now in war 
industry must secure availability 
certificate or release from former 
employer. Vicinity Washington, D. 
C. Box 75, Instruments Publishing 
Co., 1117 Wolfendale St., Pitts- 
burgh, Pa. 











Help Wanted—Male 


Technical sales correspondent 
by well established laboratory 
supply house to recommend 
equipment, prepare quotations 
and other technical sales corre- 
spondence. Successful experi- 
ence in this line essential. 
Permanent position. American 
Instrument Company, Silver 
Spring, Maryland (suburb 
Wash., D. C.) 
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depends on the accuracy and relia- 
bility of electrical indicating instru- 
ments. 


Making them for combat aircraft is 
a responsibility to which the Boes 
organization is bringing its closest 
attention and best skills. 


The WY. 


Manufacturers of Electrical and Naviga- 
tional Instruments for Aircraft. 


7 7 A 


Money makes the war go! 
BUY BONDS TO HASTEN VICTORY 
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For Extremely Close 
Temperature Control 


Visual-Stats 


@ Sensitivity of a hundredth of a degree 
is easily attainable. @ Top of mercury 
column visible at control point (where 
most important) because electrodes ter- 
minate at back of tube. No encircling 
metal bands! @ Available in angle form 
(illustrated) or conventional straight form. 
@ Send for brief, attractive bulletin. 


The Philadelphia Thermometer Co. 
915 Filbert Street +t Philadelphia 


Oldest Thermometer Manufacturer 
in Philadelphia 











NEW) 





c.0os¢€o «n() 


“BUTTERFLY” VANES “BUTTERFLY” VANES 
CLOSED OPEN 


NO SIGNAL INDICATING 











No. 1534—Interchangeable 
with Lamp Assembly AC42B3593 


Indicates by reflected light, visible light, 
“black light’’ and by fluorescent-radioactive 
luminescence. Operates by solenoid. When 
activated, ‘‘butterfly’’ opens showing signal. 
Red, green, amber and white available. Plas- 
tic cap non-shatterable protection. No burn- 
outs. No blur. No dimming. Saves about 
Vy current. 

Wire or write for Signalette bulletin. Ask 
about samples. 


Littelfuses for every instrument purpose. 
Clips, panels, mountings, etc. 


LITTELFUSE Inc. 


4759 RAVENSWOOD AVENUE, CHICAGO, ILL 
229 ONG ST., EL MONTE, CALIF. 


RADIO-ACT/VE 
IGNAL INDICATOR 








milliseconds. Normal 
of changes of light intensit 
phototube, or making exter 
contacts. In the former case 

as low as 0.01 lumen, or ap; 
candle, suffice for satisfactory 
Operating from 115-volt, 60-c; 
circuit, instrument is stabilized 
mal line-voltage variations do ; 
accuracy, which is 2% of full-s 
or one scale division. After ms 
meter will continue to indicat 
interval with a drift of less th 
sion per minute. When anothe, 
required, a push button immediat 
the dial.—Special Products Sect 
Electric Co., Schenectady, N. } 
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Clears 
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Autographic Recorder for Gear 


Checkers, etc. 


New “Model B” Automatic Che 
corder is designed for use wit} 
Michigan Sine-Line lead and involute 
ers and makes permanent chart 


king Re. 
maker’s 
check. 


records 


involute tooth forms and leads. Once ir 
stalled, however, it can be applied to 
variety of checking operations: recording 
variations in dimensions of thread forms 


surface checking with parallels and 
other checking operations wherein a |} 
record of dimensions is desired. On| 
changes need be made to provide requ 
electrical connections between measurin 
unit and recorder. Operation of recorder | 
based on use of synchronous devices 
located in the recorder and another insta! 
on a bracket in base of gear che 
other type of measuring unit. An) 
imparted to the checker unit is ! 

and duplicated in the recorder throu 
trical connections between the tw 

the same effect as coupling by sol 
ing. Two methods of attaching rec 
the measuring device or gear chec! 
available Chart drive may eit! 
coupled in synchronism with moving 
or table of the measuring device, or 
be driven independently by’ 


meal 
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tiplied ; of the gauge for ease in reading. 


precise 


@ Impervious to moisture, grease, 
oils, acids, alkalis. 

@ Printing guaranteed not to wash 
or rub off. 

@ Non-inflammable, non-corrosive 
plastic. 

@ Printed and laminated vinylite and 
cellulose acetate. 


SAMPLES AND ESTIMATES GLADLY SUPPLIED ON REQUEST 
WRITE DEPARTMENT N. | 


THE HOPP PRESS, INC. 


PRINTING — FABRICATING — FORMING 


460 W. 34th STREET, N.Y. C. 


ESTABLISHED 1693 





nee in- 


PACIFIC 
Dial 
Indicator 


The outstanding feature of the Pa- 
cific Dial Indicator is its sturdy 
construction and its 2-inch dial. 
Has an unbreakable crystal. The 
slip movement has no bearings of 
any kind. It requires no oiling 
and is not affected by dirt or dust. 
It is mounted on %” rod permitting 
> to be easily clamped in posi- 
ion. 


RANGE OF MOVEMENT 


The inside construction of the 
gauge is such that the hand has 
ne a ¥%” or .375” movement. 


USE IN ANY POSITION 


ytton The ball joint gives universal positioning 


many 


simple 


nired 
quired 





Price f.0.b. Los Angeles 
Immediate Delivery 


$ 
in small lots 10 
ANDREW C. ELDER 


2714 SO. HILL STREET 


ig LOS ANGELES, CALIF. 











WHAT do you need 


SENSITIVITY 
DURABILITY 


Engelhard Direct Deflection Indicators have all 


RESISTANCE 


metry 
separate readings from 
Write for 


Catalog 


PORTABLE 
MODEL P-1 


CHARLES ENGELHARD, 
90 CHESTNUT ST. 





SIMPLICITY 



















in a PYROMETER 


these features . . . Accurate sensi- 


tivity to the most minute voltage variations due to suspension type construction . 
High resistance per millivolt and no appreciable error when used with thermocouples 
of different resistances and on connecting leads of consid- 
erable length . . . Sturdy construction, adapted to use under 
severe conditions without danger . . 
readings may be made directly in either millivolts or tem- 
peratures by someone unfamiliar with the principles of pyro- 
. . « On kilns or furnace installations, where “spot 
readings" are desirable—the Engelhard Rotary Switch permits 


. So simple that instant 


many points. 


INCORPORATED 
NEWARK, NEW JERSEY 








BURLING 


TEMPERATURE 
LIMIT SWITCHES 











Improved vertical switch de- 
signed for lower temperature 
range (0-300°F). Also available 
for —100° to 600° F. Adjustable 
range 50-150 degrees. Operating 
differential 2-3 degrees. Easy- 
to-set dial pointer inside case. 
Trouble-free snap action Micro- 
switch. 234” dia. x 4144” high. 
INSTRUMENTS ALSO BUILT TO SPECIFICATIONS 
Send for Informative Bulletin 


BURLING INSTRUMENT CO. 
251C Springfield Ave. 
Newark. N. J. 





Speed - - 


DIRECT READING 
INDICATORS 


Centrifugal Type 


Portable and Stationary 
Indicating Speed and Total Run. 
Flexible Shaft, Belt, or Electric 


Drives for Remote Indicating. 


Types Available for Every Industry 
Locomotives, Steam, Gas, 
and Electric. Baking Time for Ovens, 
Dryers, Etc. 
Centrifuges, Textile Machinery 
Marine, Fire Apparatus 


Automotive, General Machinery 


Submit Your Problems to Us 


MOTROLA SALE 
438 Fairfield Ave., Stamford, Conn. 









May 
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SILK SCREEN 
PRINTING 








Airplane Dials, Radio-Chassis, 
Instrument Panels, Ignition 
Markers, Gauges, etc. 


Accurate and Rapid Reproduction 


of Lettering, Numerals, Scales, De- 
signs, etc., on any flat or curved sur- 
face. 


Write, stating your specific 
problem. We will quote cost 
of screen and equipment, or 
cost of printing in our plant. 
COLONIAL PROCESS 
SUPPLY CORP. 


140 W. 23 Street New York City 











Amthor 





Operation Speed 
Recorder cn. 


Built for severe service. Users 
report 10, 12 or more years of 
trouble-free life. Powerful cen- 
trifugal speed - measuring ele- 
ment stays calibrated. Non-spill 
reservoir pen. Special chart 
paper. Rugged clock movement. 
Ideal for analysis of new War 
Effort jobs. 


Immediate and intelligent 
attention will be given to 
your inquiries on all indus- 
trial speed measurement 
problems. Drop us a line 
tedey. 


Amthor Testing Instrument Co., Inc. 
49a Vam Sinderen Ave. Brooklyn, N. Y. 











separate synchronous motor 























mined speeds. When the rex cm 
in conjunction with Michig pineal 
checking equipment, synchron levice : 
checker is connected with sine-ba 


table; recorder motor drives 
of chart is then such that 1” o; 
ment represents 4° of rotation 
carrying spindle. When th: 


Travel 
irt move 
the work 


F . ependenti 
synchronous motor drives th t, spe 

jither 4” %” per second 7 
of either 4%” or %” per second selected, 


Thus a continuous record can 
continuous measurements along 
which can be measured by the 

ten-thouvsandths indicator. It is 
sary to replace the conventio: 
by one adapted to or designed { 
the electromechanical recorde: 
tion is %”=—0.0001” and chart 
mensional variations up to 0.002” either sida 
(plus or minus) of a central line tg 
be recorded. Operation: Three switches ar 
mounted on control panel. The left switch 
selects the driving method (synchronous 


made 9 
NY surfaog 
nventionall 
My neces 

indicato 
use with 
Magnifica 
ermits dj 


speed with checker, or constant speed pa Us 
chart drive motor). At top right is lever vA 


for selecting chart speed. Center Switch ure 
controls movement of pen. Right-hand pre 
switch controls direction of chart trays test 
relative to that of part being checked. At and 
top left is power supply switch Recorder 


- r - ad 
is designed for operation on standard 11). “4g 
volt single-phase a.c. Accuracy is not af. Adi 


fected by normal variations in line voltag; d 
—Michigan Tool Co., 7171 E. McNichol Pf 
Rd., Detroit, Mich. hat 


Ore-grading Card for U-y. pla 
Fluorescence 


New government-approved Scheelite 
Fluorescence Analyzer Card is designed for 
use in conjunction with ultra-violet mining 
lamps such as the ‘“Mineralight’’ 







models 





(described in Instruments, Sept. 1942, past 
383). Developed by R. S. Cannon Jr. and 
K. J. Murata of the Geological Survey, the 
card makes possible instant comparison of 
ore samples with standard type Scheelite 
examples to determine percentage of molyb- 
denum content. Measuring 4” x 6”, this 
card carries 12 fluorescent checking ex- 
amples, each %” in diameter, illustrating 
12 molybdenum content graduations fron 
0% to 48%. Adjacent to each is a hole s0 
that a test sample may be placed beside 
the example and examined under ultra- 
violet light to determine the value. In this 
manner, molybdenum content can be esti- 
mated easily and quickly within a negligiblt 
variation. Evaluations of new finds are 
greatly facilitated. Sorting and grading of 
ore in going operations can be handled with 
much more efficiency and speed.—U/tra- 
Violet Products, Inc., 5205 Santa Monico 
Blwd., Los Angeles, Calif. 


Be sure to renew your subscrip- 
tion on time. Read note at bottom 
of right hand column of Page A+- 
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; id SPRING TESTER 


(sy nchronoug 
stant speed by 
> Tight is lever 
Center 


Using a torque wrench (any standard make) 
as its measuring element the STURTE- 
VANT Spring Tester will accurately meas- 
ure the recoil pressure of a spring com- 
pressed to any predetermined length . . . 
tests compression springs up to 214” OD 
and 7” length. 

Rec No Elaborate Setting Up—test platform 
‘ecorderf adiusted for test length of spring by mere- 







Switch 
>n. Right-hand 
of chart travel 
ng checked, At 
Witch 








1 Standar . 
d Standard 110. ly revolving on threaded vernier scale. 
racy is not af Adjusted in a few seconds to within .003”. 
in line voltag, Anyone Can Operate — operator places 


E. McNichol spring on platform, pulls down on wrench 
: handle until tome device sounds taking 
reading at that point from scale on wrench. 
Only one scale to watch. 

Low Cost—makes STURTEVANT Test- 
ers practical not only for test laboratories 












f but for general inspection use thruout 
or U-y, plant, and for accurately matching springs, 
e as sets of valve springs, etc. 


Immediate Delivery—Write for Circular 
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KOLLMORGEN 
4 Franklin Avenue 





SIdeas JIncorporated 


When the soldiers and sailors of World War II return to 
civilian life they will bring with them a new respect for 
the importance and value of precise instrumentation. The 
same will be true of the legions of women who presently 
are mastering the intricacies of industrial mechanics. 


After victory, these mechanically-minded millions will 
be eager prospects for a wide variety of scientific equip- 
ment. If you plan to cater to this postwar market and 
your device is optical in character, or involves precision 
in control or operation, perhaps our knowledge and ex- 
perience may be helpfully incorporated in your product. 
Your inquiries are invited now. 









OPTICAL CORP. 


Brooklyn, N. Y¥. 











AIRCRAFT 
THERMOCOUPLES 





Gasket or Blind Rivet Type 
Thermocouples 


Calibrated Lead Wires 
Firewall Connectors 


Army, Navy and Commercial 
Types 


THE WINSLOW COMPANY 


x On @ On. a. 


9 Liberty Street, Newark, N. J. 











Speed-Up 
ALL FIELD 
SURVEYS. 





Paulin Surveying 
Aneroid 


Preliminary surveys 
for highway con- 
struction, drainage 
and irrigation sys- 
tems, dams, water 
lines, mine ventila- 
tion surveys, all divisions of civil engi- 
neering are speeded up by the NEW 
Paulin Precision Surveying Aneroid. Read- 
ings to two feet over a range of 4500 feet 
are as easy as reading a watch. Other 
models cover ranges to 18,000 feet. Write 
for complete literature and FREE COPY 
of the Paulin Altimetry Manual also full 
information on Paulin Precision Barom- 
eters. 


AMERICAN PAULIN SYSTEM 
1847 SOUTH FLOWER STREET 
LOS ANGELES, CALIFORNIA 





May 
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BROADWAY, SW” BROOKLYN, N.Y. 





It's like having a complete plant laid on your desk, wh, 
you— "Let Lewyt Do It.” ’ 

You get—in “Packaged Production” —the most up-te 
date facilities for Metal Fabrications; Precision Machin 
Work; Electrical and Mechanical Assemblies, [p add; 
tion, you get 54 years of experience in precision manuf 
turing backed up by carefully engineered methods an 
closely coordinated production controls. You can, there 
fore, trust us with all the production responsibilities on 
single, part—or a complete product. 

Just now, “Packaged Production™ is ear-marked 
war. But if you, too, have a war-production manufactur, 
ing problem, we'll gladly lend you a hand—prior com 
muitments permitting. 




























































Measurement & Control 


stitute, 4400 Forbes St., Pgh. 


City, Society and Secretary Date Place Subject Speaker 
Atlante Georgia Society for D. D. Beach, P.O. Box 4569, 
Measurement & Control Atlanta, Ga. 
Baltimore Baltimore Industrial In- Fred Pullen, Bethlehem Steel May 21‘) Maryland Academy Some Fundamentals of M. F. Behar 
strumentation Societ= Co., Sparrows Point, Md. of Sciences Instrumentation 
Chicago Chicago Society for Carl Hope, 2626 W. 31st 
Measurement & Control Bivd., Chicago 
Hartford Hartford Society for Stephen J. Zelle, Whitney Chain May 18) Hartford Electric Precision measurements C. B. McCathron, Bausc 
Measurement & Control & Mfg. Co., Hartford, Conn. Light Auditorium with the use of optics & Lomb Optical Co 
Newark New Jersey Society for R, F. Robey, 409 Orange Ave., Jume 1‘©) Public Service Ter- Comparison of control in J. B. MacMahon, Republi 
Measurement & Control Cranford, N. J. minal Restaurant boiler and process Flow Meters Co 
May 25) Churchill's Termi- Special Instruments in R. J. S. Pigott, Chief Eng 
New York |New York Society for R. K. Farnham, $45 Fifth | nal Restaurant War Gulf Research & Dev. Corp 
Mannan @Ceswel Ave. N.Y. C. June 298) Churchill's Termi- Machines, Men and R. J. Kryter, Vice-pres 
nal Restaurant Meters Esterline-Angus Co 
Philedelphia Philadelphia Society George Hammer, Foxboro Co., June 16'®) Engineer's Club Rotameters and Kermit Fischer, Pres 
for Instrumentation 701 Otis Bldg., Phila., Pa. Their Secrets Fischer & Porter Co 
Pittsburgh j§ American Society for L. M. Susany, c/o Carnegie In- 








‘4)Meeting at 7:30, no dinner. ‘®)Dinner at 6:30, meeting at 8. ‘©)Dinner at 7, meeting at 8. Meeting at 


8, no dinner. 






























CHICAGO 
J. F. Dillinger, Development Engineer, 
Western Electric Co., spoke on “Measure- 
ments of the Magnetic Properties of Metals” 
at the April 5 meeting. He first outlined 
development of the B-H and hysteresis loop 
curves, then explained how interpretation of 


these curves makes it possible to select 
metals for specific applications. 
He described the various methods for 


measuring the magnetic properties of metals’ 
the instruments and circuits used in each 
and the limitations of each. 

Various commercial magnetic materials 
were covered, including those containing 
nickel and cobalt. The magnetic character- 
istics of each of the three metals in the so- 
called ferro-magnetic group of elements were 
pointed out, together with the special prop- 
erties in which each excels.—R. L. WHAM 
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NEWARK (By telegram) 

The regular monthly meeting of the So- 
ciety for Measurement and Control New 
Jersey was held May fourth Public Service 
Terminal Restaurant Newark New Jersey 


51 in attendance. The speaker, Mr. N. 
Schnoll, President Industrial Instruments 


Inc., Jersey City, New Jersey gave an in- 
teresting and instructive talk on electrolytic 
conductivity measurement in industry. Mr. 
Schnoll outlined the history, development, 
and manufacture of electrolytic conductivity 
apparatus and their application to industry. 
The meeting was followed by a lengthy dis- 
cussion showing the keen interest developed 
in the subject. —N. E. CHANCEE 
NEW YORK 

Sixty-five members and guests attended 
the dinner which preceded the April 27 
meeting which had an attendance of 85. 


Mr. H. C. Roters, Director of Research 
Fairchild Aviation Corp., gave us a highly 
informative talk on the design of electro 
magnets and their application to instruments 
and control devices. 


He demonstrated the mathematical for 
mulae on which the ideal designs of electr 
magnets are bared and the consideration 
to be kept in mind in design procedure_® 
that the finished magnets will conform t 


these formulae. Bos FARNHAM 


PHILADELPHIA 

Mr. J. C. Peters, Research Enginee! 
Leeds & Northrup Co., drew an attend 
of 84 at the April 21st meeting. His 
was a most interesting one: “Automat 
Control of Industrial Processes’’. He show 
slides on air- and electric-operated 
Control. —GEORGE 


pes Ol 


HAMMES 



















ED 
{ON 


don your desk, whe 


nthe most Upety 


3; Precision M 


Assemblies, In add; 
n Precision manuf 
1eered methods ani 
rols. You can, the 
responsibilities op 


* is ear-marked fp 
duction manufactur 
a hand—prior com 


cCathron, Bausch 


Yptical Co 


Mahon, Republic 
rs Co 


gott, Chief Engr 
rch & Dev. Corp 


er, Vice-pres 
ngus Co 
her, Pres 
’orter Co 


—E 
of Research 
2 us a highly 
nm of electro 


o instruments 
ematical for- 
ns of electro- 
onsiderations 
proce jure_s 
1 conform te 


OB FARNHAM 


Engineer 0 
n attendance 
. His subject 

“Automat 
’ He showed 
ited pes of 


GE HAMMEB 










> 









fanutacturers’ 
Aan aaa hated: 





in this department we report ALL pieces of new literature pertaining to Instrumentation, 
ceived from the manufacturers. To assist in the War Effort we urge readers to request ONLY 
ase bulletins which will be of value to them. Use the coupon on this page. 





K-142 Cathode-Ray Oscilloscope. The 
bac issue of The Capacitor covers prac- 
cal oscilloscope design while the Jan.- 
eb. issue is entitled “Seeing Patterns 
n the Screen.” Cornell-Dubilier Electric 
orp. Hamilton Blvd., 8S. Plainfield, N. J. 
K-143 Aerovox Research Worker—the 
pt.-Oct. issue of this company organ 
4s an article on “Design Data for M- 
berived Type Filters.” Aerovox Corp., 
ew Bedford, Mass. 

K-144 Rheostats and Resistors, Bulle- 
n 550, 84%” X11", 8 pages describes a 
ew line of slide contact rheostats and 
xed tubular resistors with adjustable 
and. The rheostats are single range 
ype, protected or unprotected, and in- 
icating four range types which are 
uite an innovation in the rheostat field. 
Besides panel mounting, rotary - drive 
heostats can be furnished. Herman H. 
ticht Co., Inc., 27 Park Pl., New York, 





























K-145 Signal Generator. Bulletin 127, 
4” 11", 4 pages describes new addi- 
ions to the R.C.P. line of electrical and 
lectronic instruments. This bulletin de- 
cribes the new model 703 Signal Gen- 
rator, Model 419 Master Multitester in 
ree models, models 416 and 418 Pocket 
ultitesters and the Model 446A A.C.- 
Cc. Multitester. Radio City Products Co., 
nc., 127 W. 26th St., New York, N. Y. 
K-146 X-Ray Quartz Analysis. Bulletin 
01, 8%” X 11”, 4, pages covers a line of 
ew fixtures and accessories. These ac- 
essories and fixtures will greatly ex- 
end the usefulness and versatility of 
he Philips X-Ray Quartz Analysis Ap- 
paratus. A few of the fixtures listed in 
his bulletin are Crystal Blank Holders, 
totating Wafer and Rotating Crystal 
Blank Holders, Edge Correction Holder, 
ngle Correction Holder and Bragg Angie 
bcale. Philips Meétalix Corp., 419 Fourth 
Ave, New York, N. Y. 
K-147 Pneumatie Control. Catalog N- 
0B, 8” 11", 16 pages stresses the use 
bf this equipment for regulation of pH, 
onductivity and other conditions, as 
well as temperature. This controller 
manipulates a diaphragm valve in order 
0 maintain the regulation. The valve’s 
ppening is greater or smaller, depend- 
ng on the pressure in its air chamber. 
n Micromax Control, this air chamber 
8 connected to the control instrument 
by means of ordinary uncalibrated tub- 
ng or small piping. The controller is 
fescribed as employing a system of elec- 
tical and mechanical balances which de- 
ects, while they are very small, any 
fepartures from the control point, and 
simultaneously changes the air pressure 
0 correct them. The publication empha- 
sizes the equipment’s ability to re-set 
tself whenever necessary, so that all 
he forces which tend to upset the 
ontrolled condition can be neutralized 
hange im load, as well as in fuel 
or other controlled medium, radiation, 
weather, etc, The Micromax controller is 
Hescribed as completely factory-assem- 
bled, ready to be connected to valve, to 
hermocouple or other primary element, 
and to electric power. All control knobs, 
auges, etc, are said to be at the in- 
Btrument, for ready accessibility. Leeds & 
orthrup Co., 4934 Stenton Ave., Phila- 
Helphia, Pa. 
ic 148 Radio Tube Guide, Form 1G, 
2 xX 11", 72 pages is a new and com- 
pletely revised edition of the RCA Guide 
por Transmitting Tubes, designed espe- 
cially for radio engineers and techni- 
clans in the armed service and war in- 
ustries. Written originally and carried 
through in the three earlier editions as 
p oat log for tube users, the present or 
‘fourth edition of the Guide transforms 


the booklet into an effective instrument 
of war. Demand for technical informa- 
tion on power tubes has increased in line 
with the tremendous increase in the de- 
mand for the power tubes themselves on 
the front line of battle. A supreme effort 
has been necessary to supply these tubes 
in the quantities required. Requirements 
of war production industries, broadcast- 
ing stations, police and defense users— 
necessarily taking second place—never- 
theless must also be met to the best of 
the industry’s ability. Commercial Engi- 
neering Section, RCA, Harrison, N. J. 

K-149 Deaeration of Boiler Feed and 
Process Water. Bulletin 3005, 8%” « 11”, 
36 pages treats deaerators. Sections are 
devoted to: Flow diagrams including 
phoographs of installations described. 
Corrosion control. pH control. Metering 
deaerating equipment with V-notch re- 
corder and electrical systems for record- 
ing flow at a distance, when the recorder 
is located on a centralized panel board. 
Cross section photographs and line dia- 
grams in color clarify the operation of 
the Cochrane deaerators. Illustrations are 
shown of various designs that are con- 
structed to meet space limitations and 
operating requirements. Cochrane Corp., 
3120 N. 17 St., Philadelphia, Pa. 

K-150 How to Freeze Dimensions on 
Gages and Precision Parts. News Bulle- 
tin, 8%” xX 11”, 2 pages covers current 
uses of sub-zero temperatures in the 
metal working industries, Deepfreeze 
Div., Motor Products Corp., 2313 Davis 
St., North Chicago, III. 

K-151 Air Express Wartime Wall Chart. 
The Chart briefly details up-to-date in- 
formation regarding the air and air-rail 
service that is constantly available to 
shippers throughout the country. As 
many of the readers of this publication 
under present war conditions will have 





TO PREVENT WASTE 
AND AID WAR WORK 


(1) Request only the literature 
that will aid. you. (2) Paste the 
coupon on a government postal 
card addressed to Instruments, 
taking care to make all four 
edges stick. 





need from time to time for super-speed 
transportation, this new chart will be of 
interest to them. Railway pare 
Agency, 230 Park Ave., New York, N. Y. 

K-152 Noise Primer. The March issue 
of the General Radio Experimenter con- 
tains Part V—Practical Application of 
the Sound Level Meter. General Radio 
Co., 30 State St., Cambridge, Mass. 

K-153 Thread Roll Snap Gage. Leaflet 
C-102, 8%” xX 11” 1 page illustrates a 
gage which is claimed to be faster, long- 
er wearing and no more expensive than 
ring gages. Vard, Inc., Pasadena, Calif. 

K-154 Photo-Electric Controls. Specifi- 
cation Sheet 1, 8%” X 11”, 2 pages illus- 
trates the Series 70 controls for indus- 
trial processes. United Cinephone Corp., 
Torrington, Conn, 

K-155 Wheeleco Comments. The Feb.- 
Mar. issue of this publication has a very 
timely article entitled “Prolong Instru- 
ment Life.” Wheelco Instruments Co., 
Harrison & Peoria Sts., Chicago, Il. 

K-156 Split-Core Current Transformer, 
Bulletin 842, 84%” x 11”, 4 pages describes 
the split-core transformer for places 
where it is difficult or impractical to 
open a circuit for metering purposes. The 
advantages of the new transformer are 
given. Esterline-Angus Co., Inc., Indian- 
apolis, Ind. 

K-157 Master Gages. Folder, 8%” x 
11”, 4 pages illustrates a large number 
of views in the manufacture of gage 
blocks as carried out at the Savage Tool 
Co., Savage, Minn. 

K-158 Application of Current Trans- 
former Calibration Factors to Watthour 
Meter Calibration. The Duncan Register 
is published by the Duncan Electric Mfg. 
Co., Lafayette, Ind. No. 1 issue of 1943 
contains the main article having the 
above title. 

K-159 Constant Voltage Transformers. 
Handbook, 8%” X 11”, 24 pages contains 
specifications of the Constant Voltage 
Transformers that are available as 
Standards. In addition to the Standard 
units, special transformers can readily 
be provided to meet almost any individ- 
ual specification. Sola Electric Co., 2525 
Clybourn Ave., Chicago, Il. 

K-160 Thermoswitches. Fenwal Facts, 
81%” X 11”, 8 pages deals with Selection 
and Application of Thermoswitches of 
particular interest to engineers; with 
Sensitivity, Differential, Lag and Over- 
shoot, Heat Balance, Heat Gradients and 
Thermal Conductivity. Complete with 
charts and full explanatory copy, this 
issue was designed to show some of the 
principles of thermal control, particular- 
ly for those who are just entering the 
field. It also contains an explanation and 
picture of the new Test Stand. Fenwal 
Inc., 6 Main St., Ashland, Mass. 
Capacitors. Catalog V-2, 8%” 
xX 11”, 4 pages lists specifications and 
characteristics of standardized oil-paper 
capacitors for government and industrial 
electronic applications. Solar Capacitor 
Sales Corp., Bayonne. N. J. 

K-162 Magnetic Reversing Switch. 
Bulletin 4216, 8%” x 11”, 4 pages, de- 
scribes the new improved 5 H. P. mag- 
netic reversing switch made as a single 
unit instead of being made up of two 
separate contactors. This design allows 
for reducing the switch to a compact 
size, eliminates internal wiring. It is 
especially suited for severe plugging 
service and other heavy duty. Large, 
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Silk Screens 
forWARwork! 


A proved, ECONOMICAL method, 
use by various war industries for repro- 
ducing DIALS, GAUGE, PANEL and 
INSTRUMENT markings, lettering, 
graduations, designs. 


NO MACHINERY REQUIRED. Highly 
satisfactory for quantities from 10 to 
10,000 impressions. 


Send us copy, drawing or blueprint for 
estimate on complete screen and full 
details. 


Silk Screen Supplies, 


33 LAFAYETTE AVE 
3 Ooh ek Ge oa. oan & 


double-break silver contacts, the absence 
f pivots or bearings makes this a long- 
life switch giving maximum trouble-free 
service Furnas Electric Co., 456 McKee 
Street, Batavia, Il. 

K-163 Metal Bellows. Bulletin, 8%” 
11”, 32 pages illustrates the facilities of 
the company for the production of metal 
bellows, bellows switches and vapor 
motors. Other points covered: design, 
construction, life test data, applications, 
ind ‘tion. Cook Electric Co., 2700 
Southport Ave., Chicago, II] 

K-164 Pantegraph Engraving Ma- 
chimes. Form 1580A, 8%” X 11”, 20 pages 
covers the two-dimensional and three- 
dimensional pantograph machines. The 
literature also covers special features, 
construction and attachments. George 
Gorton Machine Co., Racine, Wis. 

K-165 Sensitive Relays. Data Sheet 
No. 8, 8%” X 11”, 1 page lists specifica- 
tions and characteristics of low input 
current relays varying from a few milli- 
watts to a maximum of one watt. Sigma 
Instruments, Inc., 388 Trapelo Rd., Bel- 
mont, Mass. 

K-166 Comparator Stand and Optical 
Flats. Folder C-101, 8%” x 11”, 1 page 
illustrates an external comparator stand 
and precision ground optical flats. Vard 
Inc., Pasadena. Calif. 

K-167 Radius Charts and Projector 
Rules. Bulletin, 8%” XK 11”, 8 pages de- 
scribes the above equipment for use with 
all types of comparators, micro and 
measuring projectors. Industrial Engrs. 
Spec. Div., Universal Engraving & Color- 
plate Co., 1919 East 19 St., Cleveland, O. 

K-168 Construction, Maintenance & 
Repairing Aircraft Instruments, Reprint, 
7” X 10”, 28 pages, from the Horological 
Journal of London. Henry Paulson & Co., 
37 S. Wabash Ave., Chicago, II. 

K-169 The Laboratory. Vol. 14, No. 1 
of this publication of Fisher Scientific 
Co., 717 Forbes St., Pittsburgh, Pa., has 
a lead-off article: “The Scientific Feoding 
of Our Fighting Forces.” Among the 
other information is the following: 
“Present Status of Laboratory Apparatus 
and Reagent Regulations”; “A New Seal- 
ing Cement”; “New Method for Chlorides 
in Water;” “Manufacture of Precision 
Hydrometers.” 
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OPPORTUNITY 
Opening with promising possi- 
bilities for draft exempt man 
or woman to assist in Front 
Surface Evaporated Mirror De- 
partment large New York de- 
fense manufacturer. Experience 
desirable but not essential. 
Write, state past employment 
and salary. Reply Box 77, In- 
struments Publishing Co., 1117 
Wolfendale St., Pittsburgh, Pa. 








WANTED: An experienced 
technical-engineering graduate 
to supervise repairing and 
standardizing of electrical and 
mechanical instruments in 
Standardizing Laboratory. Good 
salary, permanent position, and 
opportunity for advancement. 
Reply Box 73, Instruments Pub- 
lishing Co., 1117 Wolfendale 


St., Pittsburgh, Pa. 











